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THE AMERICAN COLLEGE AS A MORAL FORCE. 


By WILLIAM T. SEDGWICK, Pu.D. 










Firty years ago all American colleges were very much alike. 
Yale, Harvard, Princeton, Brown, Bowdoin, Dartmouth, Amherst, 
and Williams, might almost have been cast in the same mould. As 
far as I know, the only notable exception was the University of 
Virginia, in which the elective system already prevailed and which 
in many other points more nearly resembled the modern university. 
At that time American life, also, was more of a unit. Society was 
less differentiated than now, more homogeneous. Fifty years ago, 
therefore, it would have been comparatively easy to measure the 
American college as a moral force. But to do this to-day is compar- 
atively difficult because, in the first place, there is now no stereotyped 
form of the American college, while, at the same time, American life 
and society, upon which our higher institutions act, and by which they, 
in their turn, are acted upon, have undergone great differentiation. 

The last half of the present century has been a period of tran- 
sition, and we hope and believe a period of progress also, both 
in society and in education. There have been in both an immense 
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material development and a prevalence of the scientific and industrial 
spirit ; there has been a wonderful growth of urban and suburban life, 
and a relative decline of rural living; there have arisen areas of con- 
gested population which have acted like powerful electro-magnets, 
drawing to themselves, subtly but surely, the best life of the country 
districts, and nourishing themselves, as statisticians tell us, mainly 
upon rural blood. The flooding tide of immigration has cast upon our 
shores a horde of aliens. The railroad, the telegraph, the telephone, 
the newspaper, the magazine, have done much to unify, but also much 
to differentiate. Wealth and power and privilege have increased, and 
with these have come luxury and laxity, greed and envy, hatred and 
malice, as well as organized philanthropy struggling with pauperism 
and crime. 

Meanwhile the American college has likewise suffered change and 
differentiation. It is no longer cast in one mould. If we would speak 
of the American colleges of to-day we must understand by that term 
all our institutions of higher education. We must include the modern 
“colleges” — which are very different from the colleges of fifty years 
ago; universities, both real and so-called; professional colleges, law, 
medical, and theological, which have also undergone great changes; 
and, finally, we must include a new order of colleges, largely profes- 
sional in aim but more or less liberal in education —the scientific or 
technical, schools or colleges. Moreover, we shall find the American 
colleges of to-day far more numerous, richer, much more differentiated. 
Answering to a more complex social order they are themselves more 
complex. It is plain that any one who seeks to estimate their influence 
as moral forces in the modern community confronts a problem of no 
ordinary kind. And yet the problem, difficult as it is, is more pressing 
to-day than ever before. More is constantly expected of education. 
Less is done in the home. Parents, for the sake of business or pleas- 
ure, are seeking to shift more of the responsibility of moral training 
upon schools and colleges; while these, and especially the latter, are 
refusing to stand even as much as they formerly did zz /oco parentis. 
Meantime the church seems to be losing something of its hold, and 
the result is, or is likely to be, unless the danger is realized, that along 
with increase in opportunity, in comfort and in wealth, there shall go, 
hand in hand, insidious moral decadence among the people. It would 
be going too far to say that there never was a time when common 
every-day morality, justice, and respect for the rights of others more 
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needed to be insisted upon. But that unrest of the age which is so 
marked a feature of it shows plainly enough that looge ideas and looser 
actions may spring up and grow like weeds in the midst of a fair 
civilization. Happy shall we be if they do not mar or choke it. In 
the face of occasional widespread and outspoken defiance of the first 
principles of law and order we may well ask, How stand, as moral 
forces, our higher institutions of education ? 

I have been summoned here to answer especially for our newest 
colleges —the scientific and technical schools —and to testify how 
these stand as factors of morality in modern life, and I have gladly 
accepted the summons. 

The scientific and technical colleges of the United States have 
grown up in response to the claims which our complex modern life 
is making upon education—claims to which the older colleges fora 
time were deaf, but to which most of them are now intently listening. 
They have all arisen (with one exception) since the middle of this cen- 
tury. They are attracting thousands of students, and already graduate 
hundreds every year. In many families from which the sons formerly 
went without a question to the old-fashioned college it is now anx- 
iously debated whether they shall go to the old college or the new. 
Either apart from or attached to modern colleges or universities these 
new institutions are already active and successful competitors with the 
modern colleges and the academic departments of universities. 

In two important respects most scientific and technical colleges 
depart very widely from the old-fashioned American college of fifty 
years ago, namely, in neither requiring nor offering religious exercises, 
and in refusing altogether to stand zx loco parentis. To some, there- 
fore, it may seem that, so much having been admitted, the case is 
closed; that by these conditions the moral force of these colleges 
must be reduced to zero. It will not do, however, for any one to 
come to this conclusion unless he is ready to go further and concede 
that the general tendency of all educational institutions of the higher 
grade to move towards, if not into, the same position in these respects 
means a decline in their moral influence; in which case he will be 
driven to conclude that things are in a bad way among the higher 
institutions of education generally. We may rather infer that these 
fundamental characteristics are tendencies of the time which found 
their first, as they find their fullest, expression in scientific and tech- 
nical colleges — tendencies towards which all other higher institutions 
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have been slowly advancing ; and however much these tendencies may 
be deplored by some it is doubtful if they can be successfully resisted. 

The scientific and technical schools and colleges serve, perhaps even 
more powerfully than any others in the community, as moral forces 
of the highest order, largely because they make performance rather 
than precept the goal of instruction and the measure of success. The 
moral influence of any college does not consist chiefly, or even largely, 
in the precepts which it offers, but in the practices which it fosters or 
allows, the degree of truth, honesty, and candor which it insists upon, 
the industry and persistence which it requires, and the examples which 
it maintains or commends of plain living and right as well as high think- 
ing. The colleges with which we are dealing have thus far been favored 
in their raw material by a kind of natural selection. They have been 
hitherto resorted to, mainly, by those of a somewhat more serious dis- 
position than that of many who prefer the older colleges. Hence they 
have had a favorable moral atmosphere in their students. They have 
also a fortunate reputation for hard work. They are not much given 
to mere sport. They appeal especially to boys who are in earnest, and 
upon such material it is comparatively easy to exert moral influences 
with success. 

In the second place, these institutions are based firmly upon the 
elective system, although the election is almost always of a line of 
work, and rarely of particular studies — prescription of the latter being 
resigned to the wiser judgment of their instructors. From the time 
when he decides to enter one of these colleges the inevitable necessity 
of selection of his general line of work for life confronts the student 
and tends to make him serious. Although not wholly unalterable, his 
choice, generally speaking, is alterable only at the cost of time and 
money. In the system of elective studies, on the other hand, the 
penalty of error is less severe, and hence the act of choosing is less 
serious. Once embarked on his profession the student finds that the 
end there regarded as indispensable, namely, s&z// or proficiency, is to 
be gained only by close clinging to the ways of truth, which are always 
accompanied by hard and unremitting toil; and the moral value of the 
effort required for this consists not only in the positive effect of good 
deeds done, but also in the negative effect, nowadays far too little 
regarded, which precludes that condition in which “Satan finds some 
mischief still for idle hands to do.” It has been alleged that scientific 
colleges even go to an extreme in this particular, and this may occa- 
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sionally be true, but if it is no one will deny that occasional excess in 
good deeds is better than excess in idleness. 

Besides all this, there is much in the nature of the subjects chiefly 
pursued, and in the methods of pursuing them, in these colleges, which 
possesses high moral value. Science deals with nature and the laws 
of nature. It does not refuse to deal even with human nature, but it 
begins with the external world, and finds there so much to learn that 
it cheerfully postpones, for the most part, the more difficult subject. 
Now nature is not only “the dear old Nurse” of Longfellow and 
Agassiz, but also the most rigid of disciplinarians and the most ex- 
acting of teachers. With her obedience, punctuality, devotion, pains- 
taking, and persistence in truth and in right-doing are absolutely in- 
dispensable. Accuracy is truthfulness ; inaccuracy is virtual falsehood. 
Persistency is a species of devotion. The love of truth is one of the 
very highest and noblest forms of reverence and worship, and the prac- 
tice of the truth is honesty. Nature has no room for sophistry, no 
place for those who would put bitter for sweet or sweet for bitter. 
In making a chemical analysis or a physical measurement, in testing 
the strength of materials or separating a metal from its ore, in build- 
ing a bridge or constructing an architectural monument, in purifying 
a water supply or computing the buoyancy of a vessel, constant 
devotion and obedience must be had to certain inflexible natural 
laws. An error may mean total failure and the loss of many human 
lives. Nature has fixed certain bounds which cannot be passed with- 
out penalty; has provided specifications which must be fulfilled to the 
uttermost. Nature—not man— is the real teacher, the head mas- 
ter, in every department of a scientific or technical school. 

Finally, the scientific or technical colleges exert a powerful moral 
force in refusing to graduate those who have been faithless or idle. 
They cannot afford to graduate them, for indolence and dissipation and 
neglectfulness will not enable their graduates to build safe bridges, or 
roofs, or make accurate and trustworthy analyses or estimates. One 
of the gravest educational sins of our day —and of any day —is the 
granting of degrees, as certificates of proficiency, to all who have 
spent a prescribed time in college residence and have fulfilled more 
or less well certain easy minimum requirements. By thus consenting 
to a low standard of industry and scholarship some of our colleges and 


universities are simply aiding and abetting a dangerous laxity of moral 
discipline. 
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Scientific or technical colleges are by no means without their de- 
fects. They do not at present, to any great extent, inculcate altru- 
ism; and in these days, when individual and multiple-individual or 
corporate rights are menaced by an overweening socialism, this is, per- 
haps, well. For the present they look to the home and to the lower 
schools for teaching in altruism, and also for specific guidance in 
“morality touched with emotion.” 

In my judgment the American college, of whatever kind, and how- 
ever imperfect in its moral discipline, on the whole makes strongly for 
righteousness. Its professors are still, as of old, with few exceptions, 
given to plain living and high thinking. If it seeks to stand zx loco 
parentis it will be found morally wanting. If it encourages indolence, 
or luxury, or dissipation, or the dilettante, it will fail. So, also, will it 
fail if it surrenders itself to the adoration of muscle. Mental fiber is 
better than muscular fiber; but the best of all is moral fiber. 
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RESULTS OF TESTS MADE IN THE ENGINEERING 
LABORATORIES. 


III. 


CoLumN TESTs. 


Tue timber used in these tests was purchased at Boston lumber 
yards, and was of fair average quality, such as is ordinarily sold for 
building purposes, all being fairly well seasoned. 

The tests were all made on the 300,000-pound Emery testing 
machine. 





MEASURING APPARATUS 
FOR 
WOODEN COLUMNS 


MASS. INST. TECH, 


Fic. 1. 


The decrease in a gauged length of either 50 or 100 inches, under 
different loads, was measured on two opposite sides and averaged. 

The apparatus used for this purpose is shown (on the forward side) 
in Figure 1, all of it, except the micrometer, being fastened to the col- 
umn, while that is held in the hand of the observer. 
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228 Results of Tests Made in the Engineering Laboratories. 


TESTS OF WOODEN COLUMNS. 


Specimen, Spruce: Dimensions — Width, 8} in.; depth, 8} in.; length, 9 ft. } in. 
Date, April 26, 1894. 








2 3 6 7 
Nortu Sipe. | Soutu Srpk. 





{ 
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average. 
average. 


ings. 
Difference between | 


| Loads, pounds. 
Micrometer read- 
Average reading. 
Difference between 
Loads, pounds. 
Micrometer read- 
Average reading. 





| 


4883 caae | 10,000 


-4395 .0488 | 60,000 























Compression measured in a length of 50 in. 

Weight of column, 126 lbs. 

Maximum load, 191,500 lbs. 

Maximum load per sq. in. sectional area = 2,901 lbs. 

Ratio of stress to strain from 10,000 to 60,000 Ibs. = 1,439,900. 
Manner of breaking, crushed 1 ft. from platform. 


TESTS OF WOODEN COLUMNS. 


Specimen, Spruce: Dimensions — Width, 8} in.; depth, 8} in.; length, 
Date, April 26, 1894. 





2 3 | 6 7 
Nortu Sipe. | SouTtH Sipe. 
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ings. 
average. 
ings. 





Micrometer read- 
Average reading. 
Difference between 
Loads, pounds, 
Micrometer read- 
Average reading. 
Difference between 
Mean of columns 4 





10,000 | sees . tees | 10,000 
} | 


60,000 | ete J .0130 || 60,000 

















Compression measured in a length of 50 in. 

Weight of column, 100 lbs. 

Maximum load, 170,800 Ibs. 

Maximum load per sq. in. sectional area = 2,587 Ibs. 

Ratio of stress to strain from 10,000 to 60,000 lbs. = 1,442,700. 
Manner of breaking, crushed 6 in. from platform. 
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TESTS OF WOODEN COLUMNS. 


Specimen, Spruce: Dimensions — Width, 8} in.; depth, 84 in.; length, 9 ft. 6§ in. 
Date, April 26, 1894. 


3 4 | 5 6 7 
Nortu SIpe. | Soutu Sipe. 








Mi rometer read- 
Average reading. 

Difference between 
Micrometer read- 
Average reading. 

Difference between 
Mean of columns 4 


Loads, pounds. 





-6812 


-6609 +0203 














Compression measured in a length of 50 in. 

Weight of column, 133 Ibs. 

Maximum load, 175,700 lbs. 

Maximum load per sq. in. sectional area = 2,662 Ibs. 

Ratio of stress to strain between 10,000 and 60,000 Ibs. = 1,357,300. 
Manner of breaking, crushed 3 ft. from platform. 


TESTS OF WOODEN COLUMNS. 


Specimen, Spruce: Dimensions — Width, 7} in. ; depth, 7$ in.; length, 5 ft. 8% in. 
Date, April 


26, 1894. 











2 3 4 5 6 7 


Nortu Sipe. SoutuH Srp. 








average. 


ings. 
Difference between 


Micrometer read- 


Loads, pounds. 


Loads, pounds. 


average. 


ings. 
Mean of columns 4 


| Average reading. 
Micrometer read- 
Average reading. 

Difference between 








-6530 


-6232 | 0298 60,000 











Compression measured in a length of 50 in. 

Weight of column, 66 lbs. 

Maximum load, 191,900 lbs. 

Maximum load per sq. in. sectional area = 3,195 lbs. 

Ratio of stress to strain from 10,000 to 60,000 lbs, = 1,222,400. 
Manner of breaking, crushed 1.5 ft. from platform. 
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TESTS OF WOODEN COLUMNS. 


Specimen, Spruce: Dimensions — Width, 7} in.; depth, 7{ in.; length, 5 ft. 93 i 


Date, April 26, 1894. 





2 3 | 


Nortu Sipe. 





Difference between | 
average. 


Average reading. 
Difference between 


Loads, pounds. 


Loads, pounds. 
Micrometer read 








10,000 eee ° sees 10,000 





.0780 | 60,000 


Mean of columns 4 


and 1o. 








Compression measured in a length of 50 in. 

Weight of column, 66.5 lbs. 

Maximum load,. 156,000 Ibs. 

Maximum load per sq. in. sectiona. area = 2,556 lbs. 

Ratio of stress to strain from 10,000 to 60,000 lbs. = 834,270. 
Manner of breaking, crushed 1.5 ft. from platform. 


TESTS OF WOODEN COLUMNS. 


Specimen, Spruce : Dimensions — Width, 8} in.; depth, 8} in.; length, 7 ft. 11 in. 


Date, April 26, 1894. 


2 3 4 | 5 6 7 


NortuH Sipe. | SoutH Srpe. 





read- 


Loads, pounds 
Difference between 
average 


Loads, pounds. 
Difference between 


Micrometer 
Average reading. 





an 
+ 
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uw 
~ 
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of columns 4 








Compression measured in a length of 50 in. 

Weight of column, 104 lbs. 

Maximum load, 175,400 lbs. 

Maximum load per sq. in. sectional area = 2,617 Ibs. 

Ratio of stress to strain from 10,000 to 60,000 lbs. = 857,380. 
Manner of breaking, crushed 1.5 ft. from platform. 
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Specimen, Spruce: 


TESTS OF WOODEN COLUMNS. 


Date, December 28, 1894. 





Results of Tests Made in the Engineering Laboratories. 


Dimensions — Width, 8} in.; depth, 87; in.; length, 18 ft. 
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Compression measured in a length of 100 in. 
Weight of column, 200 lbs. 

Maximum load, 182,800 lbs. 
Maximum load per sq. in. sectional area = 1,784 lbs. 
Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 and 60,000 Ibs, = 884,000, 
Manner of breaking, deflected horizontally, crushing at end. 


TESTS OF WOODEN 


COLUMNS. 


Specimen, Spruce: Dimensions — Width, 10 in.; depth, ro in.; length, 12 ft. 
Date, January 3, 1895. 
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Mean of columns 6 
and 12. 
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Compression measured in a length of 100 in. 
Maximum load, 190,000 lbs. 
Maximum load per sq. in. sectional area = 1,900 lbs. 
Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 and 30,000 Ibs. = 1,180,000, 


Manner of breaking, deflected diagonally, crushing at center. 
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Results of Tests Made in the Engineering Laboratories. 


COLUMN TEST. 


Specimen, Yellow Pine Column. Date, March 11, 1895. 





| * 


MICROMETER READINGS. 


South. 





60,000 





Measured length = 100 in. 
Maximum load, 153,700 Ibs, 
Crushed at knot in center of stick. 

Area of cross section : Middle = 56.36 sq. in. ; largest = 56.92 sq. in.; smallest = 49.42 sq. in, 
Maximum load pounds per sq. in. = 2,730 lbs. 


Ratio of stress to strain, commonly called modulus of elasticity = 1,079,000 (middle section). 
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Results of Tests Made in the Engineering Laboratories. 


TESTS OF WOODEN COLUMNS. 
Specimen, Oak Column— Oak Bolster. Date, October 24, 1894. 















































I 2 3 4 5 6 7 8 9 10 11 12 | 13 14 15 16 
Nortu SIDE SoutH Sipe. | 
— es - | —_—__-__——— ——— 
ay = 7 i. ‘ s | vt w ; ~~ = 
“a FH DEFLECTION. — te ® | DeFtecTion. || 2 _ 2 
2 | a 4 e A: a oe E E 30 
ss 7) | ia] » ; 3 rT) 3 | = fe 
S «a Ss % i ¢ = c-) i} |S —3 
e | 86 a ; | ° 2s | *§ | 86 Pi ° en ee 
Y & be 3 g Be Eyl & = we g § solSslea [secs 
te es « % - Eu | o © < g 4 sie 3°38 
g 3 6 a Sw) ¢ 5° & 3 5 Ec | So ea 
= oe = 5 c 5 we 9 a a] 3) &s | §t | OE4 
o | ee s 2 S se] o | He 3 2 $5), S6&|S6)e588 
> = = Be} = = > |e = = « a a & S52 
<4 18 fo) < me |e | 4 ]A fo) <\a a |e |< 
| | 
Reeeine ‘7772 | ee | sees eee eee cece ° és 
7552 09 59 10,000 7772 | «7772 | «+++ +44 +29 eooe | 029 44 | 
| 
oeeee -7347 oo | eoee . . csecce | -7767 co | cece . . cece | oe . eee 
20,000 | .7348 | .7347 | .0205 -16 +57 20,000 | .7767 | .7767 | +0005 -43 +30 sO105 | -39 | -44 .06 
| 
oveee 7196 | coos | coos eee ar seccee | .77O7| «2 « eee see . sees | cee eee eee 
40,000 | .7196|.7196|.0151 | .18 62 40,000 | .7707 | ‘7797 | .0060 | .41 +34 .0106 | .30 48 +13 
socies | SOOMEL Sees f sciee see van, Tl éecees +7676 | «20 | wees sae cee <xee & wee or eee 
60,000  .7044 | .7044 | .o152 | «19 66 60,000 | .7674 | .7675 | .0032 | +43 +35 +0092 | .3I 51 +25 
$00,000 | soso | seco] sooo] 125 79 100,000 | .... | sees | cooe | 26 +33 coos | 236 56 -63 
| 
150,000 seee wee sees see wee 150,000 iat * .- eee * | 1.50 
| | | 


























Compression measured in a length of 50 in. 

Weight of column, 240 lbs. 

Maximum load, 159,400 lbs. 

Maximum load per sq. in. sectional area = 1,921 lbs. 


Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 Ibs, and 60,000 lbs. = 994,000. 


Manner of breaking, deflected diagonally, splitting at end next to bolster, and crushing in lower side. 
Bolster failed at 110,000 Ibs. 
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Results of Tests Made tn the Engineering Laboratories. 


TESTS OF WOODEN COLUMNS. 


Specimen, Oak Column — Oak Bolster. 


Date, October 25, 1894. 


























































































































Compression measured in a length of 50 in. 
Weight of column, 130 lbs.; weight of bolster, 76 lbs. 
Maximum load, 156,000 lbs. 
Maximum load per sq. in. sectional area = 1,902 lbs. 
Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 lbs. and 80,000 Ibs. = 1,575,000. 
Manner of breaking, deflected diagonally, splitting at end next to bolster. 
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Results of Tests Made in the Engineering Laboratories. 239 
TESTS OF WOODEN COLUMNS. 
Specimen, Spruce Column—Oak Bolster. Date, October 29, 1894. 
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Compression measured in a length of 50 in. 
Weight of column, 85 lbs. ; weight of bolster, 84 lbs. 
Maximum load, 164,000 lbs. 


Maximum load per sq. in. sectional area = 1,770 lbs. 
Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 Ibs, and 80,000 Ibs. = 1,082,000. 


Manner of breaking, deflected diagonally, splitting at end next to bolster. 



















TESTS OF WOODEN COLUMNS. 


Specimen, Spruce Column — Oak Bolster. 
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Date, November 10, 1894. 












































































1 2 3 4 5 6 7 8 9 10 11 12 || 43 14 15 16 
| | 
Nortu Sipe Sout Sipg. H} 
vo ‘ c ' c + ww te) lio 
o ae ie DEFLECTION. ~ ae o DEFLECTION. || 2 Z Z Sz 
wv eo & z wo eo & 1 = E E rr) 
Q- | 2 a} = | 2 3 3 3 [ee 
» s |# § 5 a es |S I 9 Is4 
° = * 86 vi ; g 2 mea 7 ghee tte ae ee 
r¥ 2, o 2 be o & o:. © & Oo 2 & sSiwelewa labs 
- Ew wo | of 1 % = Eu wo | of = ¥ |] On|] O8 [§%s 
¥ o th © 50 & 3 3 o to © 50 8 g Sols Buy 58s 
> Bel & | Bel g Fe : 55 So l}mel] xg Z Se|%s|se\/c&s 
° Son > es _ 2 t} P= fol > = B = Sel) Sa | Sa FSS 
ay = < {A io) < = a <= |A (2) < a a a |< 
——— | : 
10,000 | .7683 | .7681 QI -49 10,000 | 1.0013 | 1.0013} +24 +49 | 58 49 | 
eoceee +7679 | +++. see te || seeeee | ECOI4 ao ee ee ee ve | 
1 | | | 
20,000 | .7628 | .7628 | .... -93 -49 || 20,000] .9988 | .9987 | +e +24 -49 0040 59 49 +03 
seeee | 7628 | ---- | 0053] oe 54 Hit beawse .9987 | ----|.0026] ... sae WN sapedl case Gl Aes 
| | | 
60,000 | .7451 | .7450]| «---- +93 +51 || 60,000} .9838 | .9837 coe] 023 48 | 0114 58 +49 | .09 
eee « | 67450| ---- | 0177 eee see |] serene -9837 | +--+ | 0050] «oe eee | eee . eee eee 
80,000 | .7362 | .7362| .... -9o +53 ! 80,000} .9759| .9758| ---- | .22 -46 || .0084| .56 | .50 | «19 
secees oni +++ | 0088 eee eee | tenes 9758 | ----|.0079] + eee | cose | cee coe | one 
100,000 | .7274| .7274| ...- .92 .60 || 100,000 | .9673 | .9673] ---- | «18 43 || .0087| .55 | «52 | .47 
ammiloe | -7274| -+++ | .0088 eee eee | Sccves | QO73 | «200 | <OOBS | cee ‘a | See's || ee see see 
| 
H | eee 











Maximum load, 171,000 lbs. 














Bolster failed at 169,000 Ibs. 





Compression measured in a length of 50 in. 
Weight of column, 125 lbs. ; weight of bolster, 80 Ibs. 


Maximum load per sq. in. sectional area = 1,900 lbs. 
Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 lbs. and 60,000 lbs, = 1,812,000. 
Manner of breaking, deflected diagonally, splitting and crushing. 
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Results of Tests Made in the Engineering Laboratories. 


TESTS OF WOODEN COLUMNS. 






































Specimen, Spruce Columns — Maple Bolster. Date, November 12, 1894. 
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Compression measured in a length of 50 in. 
Weight of column, 88 lbs. ; weight of bolster, 70 lbs. 
Maximum load, 198,600 lbs. 


Maximum load per sq. in. sectional area = 2,110 lbs. 
Ratio of stress to strain, commonly called modulus of elasticity, between 40,000 lbs. and 80,000 Ibs. = 1,316,000, 
Manner of breaking, deflected diagonally, splitting through center, beginning at end next to bolster. 


Bolster failed at 130,000 lbs. 
















































Results of Tests Made tn the Engineering Laboratories. 


TESTS OF WOODEN COLUMNS. 


Specimen, Spruce Column — Maple Bolster. Date, November 14, 1894. 
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Compression measured in a length of 50 in. 

Weight of column, 88 lbs. ; weight of bolster, 61 Ibs. 

Maximum load, 250,000 lbs. 

Maximum load per sq. in. sectional area = 2,630 lbs. 

Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 Ibs. and 100,000 Ibs. = 1,154,000. 
Manner of breaking, deflected diagonally, splitting at end next to bolster. 

Bolster failed at 250,000 lbs. 























Results of Tests Made in the Engineering Laboratories. 


TESTS OF WOODEN 


Specimen, Spruce Column — Oak Bolster. 


COLUMNS. 


Date, November 27, 1894. 
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Compression measured in a length of 100 in. 

Weight of column, 183 lbs.; weight of bolster, 84 lbs. 
Maximum load, 142,700 lbs. 

Maximum load per sq. in. sectional area = 1,560. 
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Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 Ibs. and 60,000 Ibs. = 1,443,000. 


Manner of breaking, deflected vertically, splitting at end next to bolster. 
3olster failed at 107,000 lbs. 
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TESTS OF WOODEN COLUMNS. 


Specimen, Oak Column— Oak Bolster. 





Results of Tests Made in the Engineering Laboratories. 


Date, November 26, 1894. 
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Compression measured in a length of 50 in. 
Weight of column, 151 lbs. ; weight of bolster, 78 lbs. 
Maximum load, 170,300 lbs. 
Maximum load per sq. in. sectional area = 1,870 lbs. 
Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 lbs. and 60,000 Ibs. = 884,000, 
Manner of breaking, deflected vertically, splitting and crushing. 


Bolster failed at 150,000 lbs. 
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TESTS OF WOODEN COLUMNS. 


Specimen, Spruce Column— Oak Bolster. Date, December 6, 1894. 
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The column was a part of the column tested November 27. 

Compression measured in a length of roo in. 

Weight of column, 183 lbs. ; weight of bolster, 87 lbs. 

Maximum load, 153,600 lbs. 

Maximum load per sq. in. sectional area = 1,410 lbs. 

Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 lbs, and 60,000 lbs. = 1,526,000 
Manner of breaking, deflected diagonally; split at end next to bolster. 

Bolster failed at 120,000 Ibs. 




















246 Results of Tests Made in the Engineering Laboratories. 


TESTS OF WOODEN COLUMNS. 


Specimen, Spruce Column — Oak Bolster. Date, December 7, 1894. 
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Compression measured in a length of roo in. 

Weight of column, 275 bs. ; weight of bolster, 77 Ibs. 

Maximum load, 138,000 Ibs. 

Maximum load per sq. in. sectional area = 1,380 lbs. 

Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 lbs. and 60,000 Ibs. = 889,700. 
Manner of breaking, deflected diagonally, splitting from end next to bolster. 

Bolster failed at 120,000 lbs. 
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TESTS OF WOODEN 


Specimen, Spruce Column — Yellow Pine Bolster. 
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Compression measured in a length of 100 in. 
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Weight of column, 260 lbs. ; weight of bolster, 70 lbs. 


Maximum load, 145,000 lbs. 


Maximum load per sq. in. sectional area = 1,410 lbs. 
Ratio of stress to strain, commonly called modulus of elasticity, between 10,000 Ibs. and 60,000 Ibs. = 1,001,000. 


Manner of breaking, deflected diagonally, splitting at end next to bolster and crushing. 


Bolster failed at 135,000 lbs, 
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COLUMNS. 


Date, December 8, 1894. 
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Results of Tests 


STEEL— TENSION. 


Made in the Engineering Laboratories. 
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593 | -277 8 30,350 | 2. 28.1 | 53.3 | 35,080,000 
581 | .260 8 29,300 | 2. 29.7 | 55-3 | 30,860,000 
-§89| .252 8 28,850 | 2. 31.3 | 57-2 | 29,430,000 
-503 | .188 8 29,800 | 2. 305 | 62.6 | 32,310,000 
-533 8 30,000 | 2. BEG h recs fe cvcsce 
550 8 sees 2.38 | 29.7 
525 8 30,500 | 2.35 29.7 
-§50 8 30,900 | 2. 28.1 eos | cecces 
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WROUGHT IRON — TENSION. 








(Inches. ) 


Section. 


Original section. 


(Square inch.) 


Fractured section. 


(Square irch. ) 


(Inches.) 


Gauged length. 


Maximum load. 
(Lbs. per sq. in.) 


(Lbs. per sq. in.) 


lastic limit. 
Ultimate extension. 


(Inches. ) 


E 


Ultimate extension. 


(Per cent.) 


Reduction of area. 
(Per cent.) 





April 




















29,000 
26,000 
29,000 
26,500 








| 
| 
| 


17.8 
15.4 
17.8 


29.1 
291 
24.9 
29.1 
24.9 | 
24.6 | 

| 








Modulus of elas- 
ticity. 


28,290,000 | Refined. 
| Refined. 
29,290,000 | Refined. 


30,100,000 | Refined, 
25,400,000 Refined. 
28,200,000 | Refined. 
| Refined, 
27,700,000 | Refined, 
33,100,000 | 





IRON 


WIRE. 





Diameter. (Inches.) 


inal section. 
(Square inch.) 


Orig! 


Maximum load. 
(Lbs. per sq. in.) 


(Lbs. per sq. in.) 


Elastic limit. 


Modulus of elas- 


REMARKS, 





Dec. 
Dec. 


1895. 


March 
March 
March 
March 
March 
March 
March 
March 
March 
April 
April 
April 
April 
April 
April 
April 











86,800 
46,500 
47,500 
50,600 
50,600 
50,000 
49,600 
49,600 
49,600 
50,990 
50,600 
75,660 
71,680 
81,090 
91,500 
86,910 
99,970 
93,070 








25,050,000 
26,370,000 
28,220,000 
29,390,000 
29,900,000 
29,600,000 
29,100,000 
28,300,000 
28,300,000 
28,710,000 
29,900,000 
31,110,000 
27,510,000 
27,680,000 
36,050,000 
28,700,000 
28,160,000 
27,080,000 


32,200,000 
29,700,000 
30,700,000 
28, 100,000 
27,700,000 
28,000,000 
28,400,000 
29, 100,000 
26,900,000 
25,000,000 
27,300,000 
27,100,000 
29,600,000 
28,700,000 
24,000,000 
27,100,000 


Common. 

Annealed. 
| Annealed. 
Annealed. 
Annealed. 
Annealed. 
Annealed. 
Annealed. 
Annealed. 
Annealed. 
Annealed. 
Common. 
Common. 
Common. 
Common. 
Common. 
Common. 
Common, 





| Common. 
Common. 
Common. 
Common. 
Common. 
Common. 
Bright. 
Bright. 
Bright. 
Bright. 
Bright. 
Bright. 
Common, 
Bright. 
3right. 
Common. 
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COPPER WIRE. 





REMARKS. 


(Lbs. per sq. in.) 


(Square inch.) 
(Lbs. per sq. in.) 


Diameter. (Inches.) 
ticity. 


Original section. 
Maximum load. 
Modulus of elas- 


Elastic limit. 





10,500 14,010,000 

24,100 17,990,000 Hard drawn. 
29,500 17,780,000 Hard drawn. 
13,200 18,530,000 Soft. 

29,100 17,770,000 | Hard drawn. 





bewxnsy 





ROPE 





Rope. 


Circumfer- 

ence in inches. 
Number of strands. 
Method of holding. 
Location of break. 
reaking load in 


Turns per foot. 


Size. 





Manila. 
| Manila. 
Manila. 
| Manila. 
| Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila. 
Manila, 
Manila. 
Manila. 
Manila. 
Manila. 


Eye splice. | Splice. 7,900 | Dry. 

Eye splice. | Splice. 6,900 | Dry. 

Eye splice. | Splice. 7,150 | Dry. 

Eye splice. wees 5,580 | Ends wet. 
Eye splice. | Splice. | 8,700 | Ends wet. 
Eye splice. | Splice. | 8,800 | Ends wet. 
Eye splice. | Center. 9,260 | Ends wet. 
Eye splice. | Center. 9,880 | Ends wet. 
Eye splice. | Center. | 22,370 | Ends wet. 
Eye splice. | Center. 9,410 | Ends wet. 
Eye splice. | Center. 11,160 | Ends wet. 
Eye splice. | Center. 24,940 | Ends wet. 
Eye splice. | Splice. 24,320 | Ends wet. 
Eye splice. | Center. | 23,060 | Ends wet. 
Eye splice. | Center. 8,550 | Ends wet, 
Eye splice. | Center. 9,950 | Ends wet. 
Eye splice. | Center. 9,580 | Ends wet. 
Eye splice. | Center. 9,810 | Ends wet. 
Eye splice. | Center. 9,270 | Ends wet. 
Eye splice. | Center. 9,270 Ends wet. 
Eye splice. | Center. 9,380 | Ends wet. 
Eye splice. | Center. | 9,070 | Ends wet. 
Eye splice. | Splice. | 10,320 | Ends wet. 
Eye splice. | Splice. 6,560 | Dry. 


~~ rrertertertercertertey 
ono Ne rows 


om 


top toe 





BWWWWWWWW WWW WWW WWW WWW Www 
ceed 


PHRAWWWWWHWENNNWWNWWEhEREWE 


SHweheeeRSSENNN PSN HLH WWWYW 
Cpa 


PRI at pt ble a aap het 


Eye splice. | Center. | 21,100 | Ends wet. 
Eye splice. | Splice. | 5,840 | Ends wet. 
Eye splice. | Center. 7,480 | Ends wet. 
Eye splice. | Center. 6,660 | Ends wet. 
Eye splice. | Splice. 4,510 | Ends wet. 
Eye splice. | Splice. 4,700 | Ends wet. 
Eye splice. | Splice. 5,450 | Ends wet. 
Eye splice. | Splice. 8,350 | wet. 
Eye splice. | Center. 7,480 | Ends wet. 
Eye splice. | Splice. 7,320 cnds wet. 
Eye splice? | Center. 6,290 J wet. 
Eye splice. | Splice. 4,190 ends wet. 
Eye splice. | Splice. 8,970 | Ends wet. 
Eye splice. | Center. 5,570 | Ends wet. 
Eye splice. | Splice. 3,720 | Ends wet. 
Eye splice. | Splice. 6,460 | Ends wet. 
Eye splice. | Center. | 18,800 | Ends wet. 
Eye splice. | Center. | 24,100 | Ends wet. 
Eye splice. | Center. 22,400 | Ends wet. 


Manila. 
Sisal. 
American hemp. (Dry.) 
Russian hemp. (Dry.) 
Russian hemp. (Tarred.) 
American hemp. (Tarred.) 
American hemp. (Dry.) 
American hemp. (Dry.) 
American hemp. (Dry.) 
Sisal 
Russian hemp. (Dry.) 
Russian hemp. (Tarred ) 
American hemp. (Dry.) 
American hemp. (Dry.) 
American hemp. (Tarred.) 
Sisal. 
Manila. 

15 | Manila. 
April 18 | Manila. 


Vw NNWWNY 
tanto 


eerie 


tpn 
con 


tata 
oe 
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TESTS ON TORSION MACHINE. 





-) 


between 


(In. Ibs.) 
(Inches.) | 


SPECIMEN. 


fiber stress as cal- 
culated from max. 


sion. 


moment. (In. lbs.) 
Distance 


turns per foot at 


(Lbs. per sq. in.) 
fracture. 


Diameter. (Inches. 
Maximum twisting 
Apparent outside 
twisting moment. 
(Lbs. per sq. in 
Elastic limit in tor- 
Outside fiber stress 
Shearing modulus 
of elasticity. 
Gauged length. 
(Inches. ) 
Average number of 
grips. 





} 


Norway iron, 
Norway iron. 
Norway iron. 
Norway iron. 
Norway iron. 
Norway iron. 
Norway iron. 
Refined iron. 
Bessemer, 
3essemer. 
Bessemer. 
3essemer. 
Refined iron. 
Refined iron. 
Refined iron. 
Refined iron. 
Bessemer. 
Refined iron. 
Refined iron. 


9,840,000 


| 11,900,000 
| 
| 11,410,000 


11,840,000 | 
12,480,000 | 
12,720,000 | 
11,820,000 | 
10,320,000 | 
11,990,000 
10,250,000 
12,230,000 
12,510,000 
12,190,000 
12,510,000 
13,410,000 
ose see 12,840,000 
38,970 aes 11,200,000 














HRNNNNKNHNNNN SH ee D 


Bessemer. ' 134,100 come ouge 11,830,000 
Norway iron. 3 111,960 awe 11,830,000 | 
Norway iron. i 106,920 11,000 | 10,900,000 | 
Norway iron. % 108, 360 ‘ 11,300 | 11,800,000 | 
Norway iron. | 2. 109,800 10,500 | 11,700,000 | 
Norway iron. : 113,670 10,800 | 12,000,000 
Norway iron. : 107,640' 10,300 | 11,400,000 
Bessemer. i 56,000 30,400 | 12,200,000 | 
Bessemer. as 53,280 ‘ 29,900 | 12,200,000 
1 3essemer. ‘ 53,280 31,300 | 10,700,000 
April 6 | Bessemer. -53 | 52,560 30,800 | 10,900,000 





























HITE BEAMS. 





REMARKS. 


Width and depth. 
Distance between 
supports, 
(In Ibs. per sq. in.) 
ticity. (In lbs. per 
sq. in.) 


(In lbs. per sq. in.) 
Manner of break- 


Manner of loading. 
Modulus of rupture. 
Modulus of elas- 
Intensity of shear. 


| No. of test. 








Inches. | 
4h x 11 Center. ‘ Tension. 
44 x Center. | Tension. 
4x Center. Tension. 
8x Center. Tension. 
3§x Center. | Tension. 
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MAPLE BEAMS. 





(In Ibs. per 


REMARKS. 


(In lbs. persq. in.) 


supports. 
(In Ibs. per sq. in.) 


Distance between 
ing. 


Width and depth. 
Manner of loading. 
Breaking load. 
Modulus of rupture. 
Mod iis of elas- 
Intensity of shear. 
Manner of break- 


ticity 
sq. in.) 


| 
| 
| 





Inches. | | 
4x12 Center. | 9,650 | 4,732 | 1,396,000] 155 | Tension. 
467 | 4x12 Center 12,300 6,200 | 1,627,000 | 196 | Tension. All maple beams 

4X12 ’ Center. 17,800 | 7,280 | 1,448,000} 282 Tension. were of second 
47o | 4x11} Center. | 9,200 4,260 | 1,262,000] 150 | Tension. quality, well sea- 
473 | 34x12 | Center. | 14,600 7,900 | 1,587,000] 265 | Tension. soned, 
475 | 38X15 Center. 18,450 8,570 | 1,597,000] 305 | ‘l'ension. 

28x 118 Center. 15,500 | 11,080 | 1,702,000] 385 Tension. 

| 











HEMLOCK B 





(In lbs. per 


sq. in.) 


REMARKS. 


(In lbs. per sq. in.) 


(In Ibs. per sq. in.) 


No. of test. 
Width and depth. 
Distance between 
supports. 
Manner of loading. 
Breaking load. 
Modulus of rupture 
Modulus of elas- 
ing. 


ticity. 
Intensity of shear. 


Manner of break- 


| 





| 
| 





} 
Inches. | | 
4X 12 ; | 3 Center. 12,150 | 4,900 | 1,105,000| 190 Shear. 
348 x 12} | Center. | 7,950} 3,340 9259000 | 123 Tension. 
4X 12 Center. 10,100 | 4,470 941,000 | 161 ‘Tension. 
3% x 12 Center. 9,600 | 4,700 1,052,000 | 158 Tension. 
3h X 123 5 Center. 6,600 | 3,060 | 835,000] 107 Tension. 
4X 12 Center. | 13,700 | 5,160 | 1,113,000] 216 | Tension. 
4X12 Center. | 7,100 | 3,390 1,007,000 | 115 Tension. 
4X12 Center. | 15,850 | 3,700 730,000 | 248 | Tension. 





SPRUCE BEAMS. 





(In lbs. per 


REMARKS. 


(In lbs. per sq. in.) 


supports. 
ticity. 
sq. in.) 


ing. 


Distance between 
Manner of loading. 
(In lbs. per sq. in.) 


Modulus of rupture. 
Intensity of shear. 


Width and depth. 
Modulus of elas- 


Breaking load. 
Manner of break- 





Inches. Ft. ta. | 
6x 12 14—0 | Center. 11,600 | 3,345 915,000 Tension. 

53x 113 14—o | Center. | 16,350] 7,580| 1,640,800 an 
X 12 Center. | 15,600] 4,590 | 1,369,000 Shear. . 
Center. 21,000 | 6,120 | 1,845,000 3 Shear. 

Center. 12,950 | 4,900 | 1,271,000 Tension. 
Crushing and 
‘ tension. 
Center. 13,500 | 4,070 | 1,117,000 Tension. 
Center. 15,500 | 4,660 | 1,195,000 Tension. 
Center. 22,500 | 4,700 | 1,186,000 Shear. Part of beam No. 489. 
Center. 24,600 | 5,150 Shear. Part of beam No. 489. 
Center. 5,550 | 1,850| 923,000 Tension. 
Center. | 16,700 | 5,230 | 1,274,000 Tension. 
Center. 10,800 | 3,640 948,000 Tension. 


| Center. | 11,700] 5,800 | 1,549,000 





























| 
| 
| 
| 
| 
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TESTS ON DAVIS PLUNGER PUMP, MASSACHUSETTS 


INSTITUTE OF 




















TECHNOLOGY. 
eo . ~ « ~ s 

£8 £2 $ 6 £ a < yn | ae é Z 

} 6.4 1 oa } v Sy is] o Pr a S S 

| ess e343 a = §o § & as > ; . 
eo i We ee fe =z as a x 2a ow ey 
2 | Date seoeicer | -s rr oF | > . aS he Q £5 
2 | 35M] 559 oes ms | = 2 hee a 3 a 
er res BE ee = ae) co oe . coal o & ~~ ry RE 
3 | cael ons | Sa | as | 23 12s] 3 & | ¥E ee | as 
S o vEe “3 3 =e od 3 on a Fo 
Zz | . ia re eS ee ie Be | A 2 ee oe 

| | | | 
1894. | | | | 

1 | Sept. 26 107.3 19.6 106.2 6.77 28.8 +I 76.1 1.55 1.14 73-7 59-5 
2 | Sept. 27 107.7 19.7 61.5 7-06 14.2 “II 42.8 OI 65 71.0 59-9 
3 | Sept. 28 107.5 19.7 215.0 7.08 30.2 II 40.2 85 59 69.6 58.3 
4 | Sept. 28 108.5 19.9 59.2 6.78 28.9 axe 38.5 87 58 66.5 59-7 
si Ge « 108.4 19.8 57-0 6.56 31.7 ir 4.1 84 63 75-4 61.3 
61 Oct. 3s 112.3 20.6 153.8 6.80 103.0 “II 112.6 2.36 1.72 73.2 60.6 
7| Oct. 3 107.2 19.6 190.2 6.54 129.2 Ir 137.6 2.78 73-5 58.8 
8 | Oct, 8 114.1 20.9 161.2 6.30 113.7 Ir 122.9 2.51 1.96 63.2 63.2 
g | Oct. 9g 114.9 21.0 56.5 6.65 30.9 +13 40 45 89 65 72.7 63.6 
to | Oct. 10 115.3 21.1 101.4 6.38 64.0 +13 73.2 1.59 1.18 74.1 63.7 
11 | Oct. at 115.1 21.1 100.3 7-70 65.4 ots 76.0 157 1.23 78.1 63.8 
62.) ct: se 111.4 20.4 go0.2 6.20 60.5 a3 69 5 1.37 1.07 78.3 61.1 
13 | Oct. 16 114.1 20.9 50.7 6.75 29.3 13 389 -79 -63 78.9 63.7 
14 | Oct. 17 1154 21.1 99:5 6.58 59.8 -13 69.3 1.57 1.12 71.4 64.2 
15 | Oct. 17 115.8 21.2 93-6 6.51 60.3 +13 69.6 1.48 1.13 76.2 64.3 
16 | Oct. 19 114.0 20 5 96.1 6.66 57-3 12 66.8 1.49 1.07 72.1 63.7 
17 | Oct. 22 113.0 20.7 95-1 6.90 54-3 ok3 64.0 1.46 -98 67.0 iwc 
18 | Oct. 23 113.0 20.7 89.0 6.53 55.0 +13 64.3 1.37 - 74-7 63.1 
1g | Oct. 24 113.0 20.7 188.0 7-00 127.5 12 137.4 2.90 72.3 60.2 
20 | Oct. 24 113.0 20.7 221.3 6.87 151.5 12 | 161.3 3-41 2.54 74-5 62.3 
a2 | Det, as IIL.g 20.5 233.8 7.00 161.0 12 170.9 357 2.68 75.0 62.1 
22 | Oct. 26 1124 20.6 224.8 6 84 157-5 11 167.1 3-54 2.47 69.7 58.5 
23 | Oct. 29 111.6 20.4 223.1 6.51 166.5 12 175.8 3.68 2.72 73.8 61.2 
24 | Oct. 31 111.4 20.4 270.3 7.00 185.2 II 195.1 4.10 | 2.76 67.5 56.1 
2 Oct. 31 112.3 20.6 253.0 7.00 175-5 It 185.4 3-87 | 2.77 71.6 59-3 
26 | Nov. 2 110.9 20.3 87.2 6.73 47-1 11 | 56.6 1.32 83 63.0 58.2 
2 Nov. 2 III. 20.3 83.7 671 455 10 55.0 1.27 80 62.8 57-5 
28 | Nov. 5 TII.4 20.4 90.4 6.85 53.8 II 63.6 1.87 1.01 73.8 62.9 
2 Nov. 6 110.8 20.3 97.6 6.54 63-7 a3 73.1 1.48 1.16 78.1 62.7 
30 | Nov. 7 109.1 20.0 114.4 6.68 73:7 12 83.2 1.70 1.30 76.3 61.7 
31 | Nov. 7 111.5 20.4 103.4 6.50 66.5 12 75.8 1.56 1.20 76.7 62.8 
2| Nov. 8 110.5 20.3 134.2 6.75 go. “53 99-7 2.02 1.62 80.1 64.2 
33 | Nov. 9 III.O 20.3 150.5 6.38 100.5 8 109.6 2.27 1.63 72.0 59-1 
34 | Nov. 12 110.6 20.2 160.5 6.64 106.0 12 115.5 2.42 1.82 75.0 62.5 
35 | Nov. 12 110.4 20.2 170.0 6.70 115.9 12 125.5 2.56 1.95 76.4 61.7 
36 | Nov. 13 109.2 20.0 192.2 6.g0 132.8 12 142.6 2.86 2.22 77-7 61.7 
37 | Nov. 14 105.5 19.3 225.1 6.50 157-3 12 166.6 3.24 2.54 78.6 60.5 
38 | Nov. 14 109.7 20.0 199.2 6.46 136.0 12 145.3 2.98 2.28 76.6 62.2 
39 | Nov. 15 110.1 20.1 159.6 6.50 116.7 12 126.1 2.40 1.98 80.5 62.3 
40 | Nov. 19 107.3 19.6 148 4 6.40 100.2 12 109.4 2.17 1.67 77-1 60.4 
41 | Nov. 20 111.3 20.4 140.0 6.52 93-1 12 102.4 2.12 1.62 75-6 62.0 
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PULSOMETER, 1894. 















































* |geolex |e io | as |e le | d | 2 
a Pees « ne a5 > = 
| fe | ve lee [f.j3 | s& | ™e [> | 88 |e. 
. Qs $3 | 2g LS ee ee ~g.]s5 oc ge 
% | 237 ay ad so 3 & 2 wa eS, rs ° g 
o Date. : eo = 3 eo] = eu vo ap ) — 
= | = | See] ¢ arcs, ok | Ea] ges fn |S.) Sas DE 
| a |ase| s2 | 828|23| 88) 483 | wan [22] ss? | BE 
é | 5 | $82] 22 | See] 02) Gs) S38 | s58 (HS) Fan | we 
Zi ~ n n > a = = a Q i 
1894. | | er 
113 | Nov. 76.8 197-3 12,113 | 19.4 | 28.6 | 519,018 218,727 31 2,373,000 
114 | Nov. 77:5 199.2 27,502 | 18.3 | 22.8 | 623,433 220,870 +36 2,781,900 
15 | Dec. 79-1 202.4 20,790 9-5 30.2 455,955 238,862 «28 1,908,900 | 
116 | Dec. 75-5 194.8 | 21,540 | 24.3 | 29.7 | 526,860 | 215,070 | .32 | 2,449,700 | 
117 | Dee. 76.8 197.8 21,049 | 26.2 | 31.8 | 506,040 217,540 +30 2,326,300 | 
i18 | Dec. 77.0 198.0 21,612 | 26.8 | 32.1 529,140 274,410 +25 1,928,300 | 
119 | Dec. 76.2 196.0 | 20,542 | 27.7 | 33-1 | 544,875 | 215,430 | .33 | 2,529,200 
120 | Dec. 74-9 194.4 | 15,590 | 28.7 | 35-6] 621,400 | 212,640 | .38 | 2,922,300 | 
121 | Dec. 79:7 | 204.3 | 16,715 | 24.8 | 32.1 | 674,640 | 225,240 | .39 | 2,995,300 | 
123 | Dec. 75:9 196.1 15,262 | 28.2 | 34.7] 592,830 240,310 +32 2,466,900 | 
124 | Dec. 76.7 198.0 15,521 | 28.2 | 35.7 | 607,570 216,670 36 2,804,100 | 
125 | Dec. 76.9 198.0 | 15,020 | 27.1 | 34-7 | 579,940 | 217,540 | .34 | 2,665,500 | 
126 | Dec. 74-6 193 © | 14,767 | 29.2 | 36.7 | 558,190 | 211,195 | .34 | 2,644,200 
127 | Dec. 76.4 196.7 | 14,993 | 26.6 | 34.3 | §72,935 | 215,900 | .34 | 2,653,200 | 
128 | Dec. 76.3 196.6 | 15,095 | 28.2 | 35-§ | 595,830 | 220,530 | .34 | 2,701,900 | 
129 | Dec. 75-9 195.7 | 18,322 | 29.3 | 35-4 | 616,610 | 215,050 | .37 2,867,300 | 
130 | Dec. 75-7 195.0 19,920 | 23.9 | 30.0 | 696,440 215,670 41 3,227,700 
133 Dec. 75-1 | 194.0 18,654 | 27.2 | 33-4] 394,670 218,570 24 1,661,800 | 
TESTS ON DOUGLAS HYDRAULIC RAM. 
- : 3 & c 5 s | 2 
Cre 4 | # . if 8 a | 
' 23 5 | 4 ae # ° | & 
é 25 = | & 2 =g | g F | as 
4 a 7) - o2 ° P ES 
Date. a > io] * . Oe S¢ O% S | oa 
8 -) @ 2-14 .2 | 25 | «3 g | £2 
E 23 2 | 8 sf | 33 | #3 oz 2 | £8 
o v we! 
SE wee ee 2k ee at ee. a | 3” 
| | 
1895. | 
Feb. 4 6.0! 30.57 | 587.6 66.0 183.1 | 19.6 1,098.6 599.8 54.6 
Feb. 4 4.9" 32.22 353-0 57:7 176.0 11.8 862.4 380.2 45-3 
Feb. 5 7.0’ | 32.68 614.0 750 182.6 20.5 1,278.2 670 52.4 
Feb. 5 5.0’ | 30.37 483.0 57-3 170.0 16.1 850.0 489 57-5 
Feb. 6 5.0! 30.26 375 58.0 165.6 12.5 828.0 378.3 45-7 
Feb. 7 7.5' 32.60 730 81.0 166.1 24.3 1,245 792.2 63.6 
Feb. 7 6.7’ 32.22 582 72.4 179.1 19.4 1,200 625 52.1 
Feb. 8 a 30.60 417 61.0 166.7 13.9 gor 425.3 47.2 
4.5" 30.60 314 54.0 165.1 10.5 744 321.3 43-2 
“es 29.68 310 54.0 173.4 10.3 780 305.7 39.2 
4.5" 20.22 519 60.0 157.1 17-3 707 349.8 45-9 
5.0" 22.76 574 61.0 155.2 19.1 776 434.7 56.0 
5.0" 28.96 391.6 63.3 164.4 13.05 822 378.0 46.0 
ad 30.48 420 67.5 165.1 14.0 908 426.7 47.0 
6.0’ 31.29 479 72.0 166.9 15.96 1,001 499-4 49-9 
6.0! 25.27 664 71.0 171.1 22.1 1,027 558.4 54-5 
5.0" 33.25 302 63.5 164.3 | 10.1 822 335 40.9 
6.5’ 34.95 461 79.0 170.2 | 15.4 1,106 538 48.7 
7.0" 33.10 588 80.0 162.8 19.6 1,140 649 57:0 
7.5/ 36.19 555 | 86.0 173-1 18.5 1,298 669.5 51.6 
7.0' 2t.20- | 5,208 | 75.0 175.0 36.7 1,225 778.0 63.5 
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Results of Tests 


TESTS ON 






Madz in the Engineering Laboratories. 


HANCOCK INSPIRATOR NO. 4, C. 








A 

B) ¢ 
29 | 30 
30 | 30 
»| 2 
32 30 
33 | 30 
35 | 30 
36 | 30 
38 | 30 
39 | 30 
40 | 30 
41 | 30 
42 30 
44 | 30 
45 | 30 
46 | 30 
47 | 30 | 
45 | 30 
49 | 30 
50 | 30 
















fig¢ese | #1é.|é ~ if if {ft Be. 
3 3 | 83 | 2] se |] 33] & | FZ | 22 | Ss E8288 
= _ n — n RR |; + > n > | = 
79.8 79.03 3.26 79:3 18.77 61.81 | 5,707 6,169 461.7 | 12.36 | 91.85 
79.8 70.08 5.64 80.28 18.90 62.64 | 5,627 6,088 460.6 13.96 | 97.6 
79.6 71.2 7:0 83.1 | 19.7 | 65.3 | 5,127 | 5,558 | 430.8 | 11.90 | 94-13 
79.26 71.12 7.87 75.02 11.78 | 60.13 | 4,958 5,382 423.8 11.69 | 96.92 
79-7 70.2 8.07 76.8 16.5 60.8 5,556 6,012 455-9 12.18 | 92.88 
83.4 73-75 5-9 81.5 16.1 | 61.05 | 5,702 6,169 467.11 | 12.2 | 94.23 
84.60 | 74.76 | 5.78 8o.1r | 5.35 | 51.15 | 5,877-5| 6,352 | 474.5 | 12.39 | 95-68 
79-4 69.4 4.65 79-6 | 18.7 | 61.8 5,649 | 6,114 465.5 12.14 | 90.49 
79:7 70.2 7-6 86.1 | 19.4 64.2 5,408 | 5,864 455-7 11.87 92.31 
80.6 73.28 2.54 78.8 | 16.76 | 60.4 5,704 6,172 | 457.8 12.46 92.85 
80.18 70.3 8 67 82.72 10.9 55-5 5,558 6,023 465 11.95 gl.12 
78.84 69.22 8.88 84.5 15.80 60.0 5,424 5,880 | 455-9 11.89 90.6 
81.2 71.4 8.0 89.0 4:5 50.5 5,636 6,102 | 465.6 12.10 93-67 
80.1 70.6 8.8 80 13.65 58.56 | 5,694 6,150 | 456 12.48 95-90 
79.8 7° 9.27 80.69 13.8 58.6 5,464 5,926 | 461.9 11.83 gI.10 
78.4 68.9 5.02 77-6 15.16 58.02 | 5,495 5,946 | 452 12.16 89.56 
78.2 68.5 5.8 74 17-7 60.8 55304 5,760 | 455-8 11.64 98.11 
78.25 68.45 1.45 2.83 20.13 58.14 | 6,382 6,840 | 457-9 13.94 go0.64 
78.3 68.8 9.2 79.2 19.7 63.9 | 5:349 5,801 | 451.7 11.84 90.92 
| 5:76x 91.5 







































































260 Results of Tests Made in the Engineering Laboratories. 


TESTS ON HORIZONTAL BELT MACHINE AT MASSACHUSETTS INSTI- 
TUTE OF TECHNOLOGY, 1894. 





| No. of test. 

Horse power. 

Speed of east belt. 
(Feet per minute ) 

Speed of west belt. 
(Feet per minute.) 

Slip of east belt on 
southeast pulley. 

Slip of west belt on 
southwest pulley. 

Slip of east belt on 
northeast pulley. 

Slip of west belt on 
northwest pulley. 

T, east belt. 

T, west belt. 

T, east belt. 

T, west belt. 





| feast belt. 
|S west belt 


2,216 | 2,215 
2,213 | 2,209 
2,188 | 2,181 
2,172 | 2,164 
2,171 | 2,160 
2,231 | 2,228 
2,222 | 2,217 
2,222 | 2,212 
2,219 | 2,209 
2,104 | 2,094 
2,168 | 2,160 
2,198 | 2,194 
2,189 | 2,183 
2,216 | 2,203 
2,232 | 2,224 
2,221 | 2,217 
2,209 | 2,201 
2,184 | 2,176 
2,215 | 2,210 
2,283 | 2,171 
2,171 | 2,159 
2,217 | 2,207 
2,250 | 2,246 
2,256 | 2,249 
2,236 | 2,229 
2,204 | 29200 
2,169 | 2,159 
2,253 | 2,246 
2,240 | 2,235 
2,204 | 2,197 
,260 | 2,258 
2,176 | 2,174 
2,168 | 2,165 
2,173 | 2,168 
2,167 | 2,160 
2,126 | 2,115 
2,155 | 2,146 
2,127 | 2,116 
2,239 | 2,237 
2,215 | 2,212 
2,224 | 2,214 
2,154 | 2,144 | 
2,181 | 2,179 
2,125 | 2,114 
2,164 | 2,154 | 
2,215 | 2y206 | 
2,246 | 2,244 | 
29202 | 2,197 | 
2,220 | 2,216 | 
2,204 | 2,198 
2,187 | 2,179 
2,197 | 2,188 | 
2,214 | 2 211 | 
2,218 | 2,212 
2,199 | 2,197 
2,225 | 2,222 
2,208 | 2,202 
2,196 | 2,189 
2,209 | 2,205 
| 2,223 | 2,220 
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THE OCCURRENCE OF TRIMETHYLENE GLYCOL AS A 
BY-PRODUCT IN THE GLYCERINE MANUFACTURE. 


By ARTHUR A. NOYES anp WILLARD H. WATKINS. 


Received August 15, 1895. 


DurING the past winter our attention was called to an unusual 
difficulty experienced by one of the soap making firms in the neigh- 
borhood of Boston in obtaining their glycerine of the required com- 
mercial specific gravity. The information furnished in regard to it 
indicated the presence in the glycerine of some uncommon impurity ; 
and a considerable quantity of the “light stuff’? having been gener- 
ously placed at our disposal by the soap company, we were enabled to 
investigate it. It was submitted to fractional distillation, first at dimin- 
ished and then at ordinary pressure, and a liquid boiling between 214° 
and 217° at 760 mm. was thus separated from it. This liquid was found 
to have a specific gravity of 1.056 at 20°/15°, and gave the following 
results on analysis : 


Found. Calculated for C,H,O.. 
C 47.52 47.37 


H = 10.46 10.53 


The substance is, therefore, trimethylene glycol, which has a boil- 
ing point of 214° and a specific gravity at 18°/o° of 1.0526. The 
isomeric propylene glycol boils at 188°-189°, and has a specific grav- 
ity of 1.0403 at 19.4°/o°. The “light stuff’’ contained a very consid- 
erable proportion, about 38 per cent., of the glycol. 

The origin of the glycol is a matter of considerable interest. 
There is little doubt that it was produced by fermentation of the 
glycerine. For it has already been shown by Freund? that trimethyl- 
ene glycol is, in fact, one of the principal fermentation-products of 
that substance. It is, moreover, highly probable that the glycol was 
present in the fat before saponification by the alkali, as the fermenta- 
tion can hardly have taken place in the soap lye, both on account of 





* Monatshefte fiir Chemie, 2, 638. 
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its saline character and on account of the short time intervening be- 
tween the saponification and the recovery of the glycerine. It had 
probably been produced in the fat by spontaneous saponification and 
subsequent fermentation of the glycerine. Refuse house fat formed 
a considerable portion of the soap stock. 

The presence of the glycol in glycerine used for making nitro- 
glycerine might be a source of danger, since it reacts with nitric acid 
much more violently than glycerine does. Its presence would be de- 
tected in the usual examination by a low specific gravity, accompanied 
by a high oxidation equivalent, as shown by the bichromate titration. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
August, 1895. 
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THE EQUIPMENT OF MINING AND METALLURGICAL 
LABORATORIES} 


By H. O. HOFMAN. 


Received September 3, 1895. 


THE mining and metallurgical laboratory, as we understand the 
term in this country, is a place in which mechanical and chemical 
working-tests are made on ores, fuels, and furnace materials. It is of 
quite recent origin. The first laboratory of this kind to be used in 
connection with teaching was put into operation in 1871 at the Massa- 
chusetts Institute of Technology.2, The idea had already existed in 
the mind of President W. B. Rogers when he wrote, in 1864, his 
pamphlet on “The Scope and Plan of the School of Industrial Sci- 
ence of the Massachusetts Institute of Technology;’’ but several 
years elapsed, and an extended visit to the mines and mills of Colo- 
rado, Utah, Nevada, and California was required before this idea could 
take a form adapted to the purposes of original research as well as of 
instruction. The laboratory was given from the first into the charge 
of Professor R. H. Richards, who, by improving its methods and en- 
larging its scope, has brought it to the position which it occupies to- 
day as the leading representative of its class. Private laboratories for 
making tests upon ores had previously existed here and there, espe- 
cially on the Pacific Coast, for silver and gold ores; but in the educa- 
tional field the Massachusetts Institute of Technology was the pio- 
neer. To-day there is hardly a school of mines in this country that 
has not a more or less complete mining and metallurgical laboratory. 
In European mining schools there is very little laboratory teaching. 
Most of them are located in mining districts, where the students can 





"Read before the American Institute of Mining Engineers and the Society for the 
Promotion of Engineering Education. 


*R. H. Richards, Transactions American Institute of Mining Engineers, 1, 400. 
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personally see and engage in the practical work of mining, concen- 
trating, and smelting. Those which are in large cities, at a distance 
from mines, labor under a great disadvantage. The student only sees 
practical work when he makes an occasional visit to mining regions, 
and is otherwise left entirely to theory. It must not be inferred, how- 
ever, that the location of a school in a mining district can make the 
laboratory superfluous. On the contrary, one who, like the present 
writer, has received his training in such a school, sees clearly after- 
wards how one-sided becomes the teaching in a mining district with. 
out the addition of such laboratory work. The instructor is only too 
liable to give most, if not all, of his time to elaborating unnecessary 
details of the local methods, past as well as present, and to pass over 
with amazing celerity those branches of the subject not represented 
in his district. Yet even as regards local work, upon which he puts 
such undue stress, he is likely to be too theoretical, because, not being 
practically engaged in it or able to apply such tests as are furnished 
in the laboratory, he necessarily falls into too abstract a way of view- 
ing the whole subject. The result is that his instruction tends to pro- 
duce theorists, who speak with unwarranted assurance concerning the 
most difficult problems which the engineer has to solve, but who, if 
confronted with a simple, concrete question, are at a loss what to do. 

That this lack of laboratory training in German technical schools 
(which are among the foremost in Europe) is beginning to be realized 
as a defect, was evidenced by the intense interest and careful study 
bestowed upon the subject by the commissioners who came to the 
Columbian Exposition two years ago. They did not hesitate to praise 
our system and to express the hope that it might be adapted to meet 
their necessities on the other side of the Atlantic. 

The mining and metallurgical laboratory, then, as developed in this 
country, may be considered a necessary adjunct to every school of 
mining engineering. In it the lecture instruction is illustrated with 
practical experiments, carried out by the students themselves. But it 
has also a larger scope. By the method of experiment the student 
learns how to take hold of each problem as it presents itself and 
carry it through the different stages until it is, or the reason is discov- 
ered why it cannot be, satisfactorily solved. He is thus taught to ob- 
serve closely, to make careful notes, to compare the results obtained 
and draw his own inferences and conclusions, and, finally, to report 
what he has done in clear and accurate language. 
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In fitting up a laboratory we have to consider only the depart- 
ments of mechanical concentration and metallurgy. Practical mining 
can be taught only in the mine. Some schools (for instance, the one 
at Ballarat, Victoria, Australia) are provided with a model of full nat- 
ural size, showing a shaft with the lode, crosscuts, etc. While this, 
apart from the question of expense, is an improvement on the small 
models formerly so extensively found at schools, it cannot but give 
a false impression of what a mine really is. The practical study of 
mining, in this country at least, is carried on to-day in “summer 
schools.” The students spend some time in mines, going systematic- 
ally through the different kinds of work, and thus becoming suffi- 
ciently familiar with mine operations to listen understandingly to lec- 
tures on the subject. It is the merit of Professor H. S. Munroe, of 
Columbia College, to have given to the summer school of mining such 
an impetus that to-day there is hardly an American mining school 
without this auxiliary course. 

Before discussing in detail the equipment of a laboratory, it is 
desirable to consider the relation which the laboratory plant should 
bear, as regards general arrangement and the kind and size of appa- 
ratus, to the large-scale working plant of actual practice. A commer- 
cial concentrating works, for example, must treat daily a considerable 
quantity of ore, and must work cheaply, which can only be done if the 
machines are so connected with one another that the ore shall receive 
a minimum amount of handling after the work is once under way. In 
the laboratory, on the other hand, the work, being purely experimental, 
must be carried on, step by step, in a deliberate and tentative way ; 
and it is therefore essential that thé operator shall be able to inspect 
the material under treatment before and after every operation. Con- 
sequently the machines must be separate, that they may be easily 
accessible for starting, stopping, accelerating and retarding, and may 
be connected at will; in short, that the work may be modified indefi- 
nitely under the immediate eye of the experimenter. A laboratory 
in which this principle is neglected carries in it the germ of failure. 
The writer was once connected with such an establishment, in which 
a full-sized ore-dressing plant had been erected according to the plan 
followed in commercial work, viz., the crushed ore was raised by a 
bucket elevator to a set of screens placed in a line step-wise, one dis- 
charging into the other, and the sized products falling directly upon 
the jigs and the table below. Of course a few tons of ore were 
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quickly disposed of, but when the products obtained were examined 
after the experiment, the observer did not know very much more than 
he had known before. Such a working plant may be of some value 
for obtaining more accurate quantitative results after all the neces. 
sary details have been determined by the use of detached machines, 
but it will do little more than substantiate what has already been 
sufficiently proven. 

There are two opposite views concerning the kind and size of ma- 
chinery proper for laboratory use. One holds that it should follow 
as closely as possible that of a working plant. The other maintains 
the superiority of somewhat different and smaller apparatus as better 
suited to experimental purposes, and also more economical. Having 
tried both kinds, the writer decidedly prefers the latter, especially for 
educational purposes, and is of the opinion that there are few mechan- 
ical questions to which a machine smaller than the commercial size 
cannot give a satisfactory answer. In addition to economy, conven- 
ience, and other considerations, the saving of physical strain upon the 
student secured by the smaller apparatus is of importance. Fatiguing 
operations, especially for those unaccustomed to the work, exhaust the 
powers and unfit the student for mental effort. 

The best size for the single machine can only be arrived at by 
repeated trials, which have now been made for almost all given cases, 
as will be shown later on. 

In the discussion of the details of a laboratory it will be more 
profitable to start from the basis of an actual working laboratory, 
whatever may be its defects, than from an imaginary perfect one. 
The laboratories of the Massachusetts Institute of Technology, shown 
in plan in Figure 1, may well serve this purpose. 

The following are the different rooms, pieces of apparatus, etc, 
referred to by numbers in Figure 1. In the present paper numbers 
inclosed in brackets are to be understood as referring to this figure. 
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Milling room. 

Blake Challenge rock-breaker. 
Cornish rolls. 

Gates rock-breaker. 
Hendrie-Bolthoff sample-grinder. 
Iron sampling-floor. 

Cornish feeder. 

Automatic feed-trough. 

Richards Spitzlutte. 

Coarse Collom jig. 

Fine Collom jig. 

Convex continuous round table. 
Hendy Improved Challenge ore-feeder. 
Stamp-battery. 

Amalgamated plates. 

Frue vanner. 

Richards movable sieve-jig. 
Water tanks. 

Steam-drying tables. 


Bucking-plates and Taylor hand-crusher. 


Sampling table. 

Ore-bins. 

Pounding block. 

Upright engine. 

Morrel agate mortars. 

Dynamo, 50 V by 50 A. 

Dynamo, 2 V by 50 A. 

Revolving barrel. 

Depositing table. 

Leaching tubs. 

Larger amalgamating pans. 

Small amalgamating pans. 
Settler. 

Tank. 

Space to grow in. 

Storeroom. 

Blacksmith’s drilling machine. 
Carpenter’s bench. 
3all-mill. 

Assay room. 

Students’ desks. 

Pulp balances. 

Muffle furnaces. 

Crucible furnaces. 


42. 
43. 
44. 
45. 
46. 
47. 
48. 


6l. 


84. 


Stack. 

Iron table. 

Balance room. 

Button balances. 
Storeroom. 

Storeroom. 

Furnace room. 
Blacksmith’s forge. 

Anvil. 

Blacksmith’s table. 
Water-jacket blast furnace. 
Furnace ore-bins. 
Briickner roasting-cylinder. 
Copper refining furnace. 
Large hand-roasting reverberatory. 
Roasting-stall. 

Cast-iron kettle. 

Larger cupelling furnace. 
Small hand-roasting reverberatory. 
Small cupelling furnace. 
Pot furnaces. 

Space to grow in. 
Professors’ laboratory. 
Table for electrolytic work. 
Experimental Spitz/utte. 
Chemical desks. 

Hood. 

Blow-pipe room. 

Tables. 

Cases for apparatus, etc. 
Sink. 

Library. 

Bookcases. 

Space to grow in. 

Table. 

Professors’ desks. 
Lithographic notes, etc. 
Toilet room. 

Lockers. 

Basins. 

Closets. 

Professors’ room. 

Stack. 


These laboratories are located in the basement of the Rogers Build- 
ing, the main building of the Institute, and comprise the entire de- 
partment of mining engineering and metallurgy, with the exception 





*R. W. Raymond, Statistics of Mines and Mining, 1874, pp. 499, 500. 


While at first! all the metal- 
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lurgical work, including dry assaying, was done in the room marked 
[48], and the milling work in the space now covered by machines [13] 
and [16], there are to-day a separate furnace room [48], an assay and 
balance room [37, 44], a milling room [1], and a blow-pipe room [69]. 
To these may be added two storage rooms [46, 47], a toilet room 
[79], a library [73], and the private laboratory [64] and office [77]. 
Upon closer inspection it will be seen that the apparatus is pretty 
closely crowded. Although there is some “space to grow”’ [33, 63,75], 
and there are places near [1] and [33] still open, there is little room 
for additional permanent machinery, the available space being neces- 
sary for erecting temporary apparatus and giving room to move about 
in. A laboratory built to-day with a liberal allowance of space and of 
funds would probably be planned somewhat differently as regards gen- 
eral arrangement, and would also possess a larger amount and variety 
of apparatus. The work in it would be easier, and could be more con- 
veniently and quickly, but not better, done. 

In discussing the machines and furnaces, sufficient data will be 
given to enable the reader to form a clear idea of the relation which 
the laboratory apparatus bears to that used in large-scale work. 

The apparatus of the laboratory is best classed under three heads, 
corresponding with its purposes : 


A. — Concentrating. 
B. — Sampling and Assay. 
C. — Metallurgical. 


A. — CONCENTRATING APPARATUS. 


1. Coarse Crushing. — Coarse crushing is represented by the Blake 
Challenge rock-breaker [2], with a receiving capacity of 4} by 5 inches, 
and the Gates rock-breaker [4], with a receiving hopper 12 inches in 
diameter. The machines are at a sufficient height above the platform 
to allow a wheelbarrow or bucket to be placed below the discharge. 
A pipe, connected with a small suction fan, serves to- carry off the 
dust, if desirable. The Blake is used for crushing lump ore, the jaws 
being set 1} inches apart ; the Gates for smaller sizes, the liners being 
set at } inch. The Dodge and Lowry crushers may be added to the 
plant if it is desired to crush ore more uniformly than can be done 
with the Blake or the Gates type, but this will hardly be necessary 
for the testing of ores, although it might be useful for illustrating 
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Stamp-Battery and Amalgamated Plates. 
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Briickner Roasting- Furnace. 
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Water-Jacket Furnace for Smelting Lead and Copper Ores. 
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class work. The small Taylor hand-crusher [20] is very convenient 
for breaking up specimens. 

2. Kine Crushing. — ¥or fine crushing there are a pair of Cornish 
rolls, a stamp-battery, a non-discharging ball-mill, sets of pans, a sam- 
ple-grinder, and bucking-plates. 

The Cornish rolls [3], 9 inches in diameter and 9g inches in face, 
are of chilled iron, without the outside shell so common for large-scale 
work; are driven by direct and cross belt, and make 70 revolutions 
per minute. The pressure on the sliding box is maintained by springs. 
The rolls have a large feed-hopper, with adjustable discharge-slot, hold- 
ing about 100 pounds of quartzose ore. The crushed ore is directed 
by three converging pieces of sheet iron (a short, steep one at the 
back, and a long, flatter one on either side) towards an oblong opening, 
5) by 27 inches, through which it drops into an oblong sheet-iron box, , 
14 by 36 inches, of No. 22 iron, with sides 6 inches and ends 4 inches 
deep. The upper edges of all sheet-iron boxes or vessels used in the 
laboratory are bent around a }-inch iron rod to give them strength, 
and are painted with asphalt varnish. If the ore is to be screened, 
an oblong wooden screen-frame, 54 by 11 inches inside dimensions, 
made of 2}- by {-inch wood, and closed at the upper end, is suspended 


ina slightly inclined position from four iron (5.-inch) hooks from the 


16 
wooden frame of the rolls, and oscillated by an eccentric of 1-inch 
throw and 200 shakes per minute, driven from the main shaft below. 
The ore drops upon a piece of sheet iron, I1 by 12 inches, in the 
upper end of the frame, passing over which it comes to the screen 
(54 by 123 inches). Through this the finer parts fall into a sheet-iron 
box, while the coarser ones are carried over into another which adjoins 
the first. The screens are fastened to the lower sides of their frames 
by means of angle hoop-iron and screws. 

The crushing capacity of the rolls per hour is 600 pounds of 
quartzose ore to -inch size, or 300 pounds to }-inch, or 150 pounds 
to ;.-inch. While they serve their purpose for fine crushing, as a 
preliminary operation in ore dressing, yet, if ore is to be rolled previ- 
ous to chloridizing and leaching, Krom rolls are very desirable for fin- 
ishing, the Cornish rolls serving in that case as roughing rolls. 

Roller mills, such as the Huntington, Griffin, and Tustin, or dis- 
charging ball-mills, such as the Briickner, while doing satisfactory 
work in dry and wet rolling, are better suited for the mill than the 
laboratory, on account of the difficulty of cleaning up. 
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The stamp-battery [14 and Figure 2] is of the California pattern, 
It has the usual single-discharge mortar for wet crushing, but only 
three stamps; the weight of the stamps is 228 pounds; the mortar 
bottom is 19} by 6 inches ; the depth § inches; the discharge surface 
20 by 10} inches ; the screen frame 21} by 13 inches ; and the screen 
surface 18} by 9} inches. The cams permit the lifting of the stamps 
to a height of 8 inches. The rate of crushing Nova Scotia gold 
quartz with a 7-inch height of discharge, a length of drop of 5} inches 
and 98 drops per minute is 3,353 pounds in twenty-four hours, or 
1 pound for every 4,198 foot-pounds developed. With a 7}-inch drop 
and 60 drops per minute, it is 2,117 pounds, or 1 pound for every 
5,816 foot-pounds. The coarsely crushed ore is fed to the battery by 
a Hendy Improved Challenge Ore-Feeder [13]. A double-discharge 
mortar, of which one side can be closed by an iron plate, will soon 
replace the old mortar, so that in the laboratory it will be possible to 
do both dry and wet stamping. In planning a new mill a battery with 
three stamps would not be chosen. The choice would lie between a 
5-stamp battery of light stamps, say 300 pounds each, a I- or 2-stamp 
battery, the stamp weighing 750 pounds, and a steam stamp. The 
5-stamp battery has the advantage that the same number of stamps is 
used as in common practice. It would not be feasible to have a full- 
size §5-stamp battery, as it entails too much work and requires more 
ore than is convenient and suitable for experimenta! work in the labo- 
ratory. The I- or 2-stamp battery with 750-pound stamps dropping 
in a narrow double-discharge mortar, one side of which could be closed 
at will, the discharge to be on a level with the base of the die and to 
be raised by chuck-blocks to 16 inches, and the stamps to have a 
length of drop of from 4 to 10 inches, would be very acceptable. The 
results obtained with it would resemble very closely those of large- 
scale work. As to the desirability of a steam stamp for laboratory 
use, the writer feels himself at present unable to express an opinion. 

The other fine-crushing apparatus, such as the ball-mill, the pan, 
the sample-grinder, the bucking-plate, etc., will be discussed under the 
heads of sampling and metallurgical apparatus. 

3. Sising. —The sizing or sifting of ore is more tedious in the 
laboratory than it is in the mill, because the screening surface is neces- 
sarily smaller, and all sifting has to be done without the use of water. 
If there is only a moderate quantity of ore, the sizing is best done by 
hand ona platform covered with an iron plate [6]. Sieves with wooden 
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frames from 24 to 18 inches in diameter, and iron or brass wire gauze 
having from 4 to 20 meshes to the linear inch, are well suited for this 
purpose. With very small quantities of ore, nests of sieves with metal 
frames, 8 inches in diameter, and wire gauze, ranging from 20- to 120- 
mesh, are convenient, the screenings to be caught in a metal pan. 
With large quantities of ore the sifting has to be done by machinery, 
and the shaking sieves referred to above are used for this purpose. 
There are fourteen of these, representing the sizes 2-, 4-, 5-, 6-, 8-, 10-, 
12-, 16-, 20-, 30-, 40-, 50-, 60-, and 80-mesh. They sift per hour about 
2,000 pounds of 8-mesh ore, 1,000 pounds of ore ranging from 14- to 
30-mesh, 300 pounds of 50-mesh, and about 150 pounds of 60- to 80- 
mesh material. As this work is somewhat slow, it is better to do it in 
separate sizing boxes. Two inclined boxes, having screens of 3-, 10-, 
18-, 30-, and 60-mesh, and 4-, 8-, 14-, 24-, and 50-mesh, respectively, are 
satisfactory for the purpose. They are made of }-inch pine, are 90 
inches long, 18 inches wide, and § inches deep, and have wooden cov- 
ers screwed down on a felt band. They are oscillated 200 times per 
minute by an eccentric and connecting rod, which gives them an end- 
shake. The ore is fed into the hopper at the upper end, and drops ona 
piece of galvanized iron, whence it passes on to the first (the coarsest) 
sieve. What is too coarse to pass strikes a dam at the opposite end 
and is discharged into a vertical spout at the side, to which a cloth bag 
is attached, through which it passes into a pail. It would seem as if 
the Coxe gyrating screen, which does such excellent work in sizing all 
sorts of minerals, might well be suited for laboratory purposes, either 
in the form of a single screen or a nest of screens. The trommels, as 
commonly employed in large-scale working plants, are out of place in 
a laboratory. If a trommel is to be used, the polygonal form seems 
the most suitable, as the different screens could be easily adjusted and 
removed, It would be necessary in all cases to house the trommel. 

4. Hydraulic Classification. — Hydraulic grading is done at pres- 
ent in the Institute laboratory only in an ascending current of water. 
Grading in a horizontal current of water, or Spztskasten, will shortly 
be introduced, as it has been proved to be indispensable for the suc- 
cessful working up of fine slimes. Now the fine sands and slimes are 
only settled, but not graded. Hydraulic classification is practiced with 
small samples of finely pulverized ore, as a preliminary test before work- 
ing small lots. The samples are treated in the Richards pointed tube,} 


* Transactions American Institute of Mining Engineers, 24, 438. 
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where the mixed sands, held in equilibrium by an ascending stream of 
water, are, by slightly slackening the current, drawn off slowly into the 
glass bulb, which, when filled, is exchanged for another. The contents 
of each bulb are then separately sifted through a nest of graded sieves, 
and weighed and examined to find out just how effective the work has 
been, and what will be the best sieve size for the trial test. In work- 
ing, the material, after it has been crushed to the proper size, is passed 
through the automatic feed-trough [8], or the Cornish feeder [7], into 
a Richards Sfitslutte [9], when the discharge of the spigot will go to 
the jigs [10 and 11], and the overflow either to the vanner [16] or the 
slime table [12], or first to the former, and, as tailings, to the latter. 
It is proposed to have the overflow, when worked directly on the slime 
table, run first over a Spitskasten, and then to feed separately the 
spigot discharge, thus insuring better work. Another way of using 
the Richards Spztslutte is to feed only carefully-sized ore, when the 
spigot, in many cases, will give clean heads and the overflow clean 
tailings, provided there are no included grains. The capacity of the 
Spitslutte with a }-inch spigot is about } of a ton of sized material to 
1 ton of mixed material per hour. 

The automatic feed-trough and the Cornish feeder serve to convert 
dry pulverized ore into liquid pulp, delivering it to the Spzts/utte, the 
jigs, or the slime-washers. The feed-trough is of wrought iron, 10 
inches wide at the top, 3 inches at the bottom, and 7 feet long, and is 
placed in an inclined position on a wooden trestle. On the inner side 
the trough is marked off, so that the same quantity of ore may be 
washed down by the traveling jet in the same interval of time, which 
is usually one minute. The traveling jet is a }-inch iron pipe, pointed 
downward and fixed in a wooden truck, having two of its wheels on 
one edge of the trough, and the other on a rail 3 inches away from 
the opposite edge. The pipe is connected by a rubber hose with 
the water main. The carriage is pulled up the inclined trough by a 
weighted cord, running over a pulley at the upper end of the trough 
to a shaft near the roof, around which it is wound once or twice and 
kept taut by the weight. To this weight is fastened a second cord, 
running over a pulley near the roof to the lower end of the trough, 
which serves to raise the weight, and thus to lower the carriage. In 
order to prevent the rubber hose from obstructing the upward travel 
of the carriage and the even flow of the water, it is suspended from 
the rail by small grooved wheels, and the loops are replaced by six iron 
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pipe return-bends. Thus the suspended hose shows three zigzags, 
which are close together when the carriage is at the lower end of the 
trough, and separate as it travels upward, but are held together at the 
upper ends by strings, which do not allow them to get more than 24 
inches apart. 

The Cornish automatic feeder is a four-sided truncated pyramid of 
sheet iron. It is 24 inches high, and the bases are 18 and 12 inches 
square. To the smaller base are attached four legs, on which it stands 
in a sheet-iron box, 16 inches square and 6 inches deep, contracted at 
one end into a spout. The legs (pieces of angle iron) firmly connect 
the hopper and the box, leaving a distance of } inch between them for 
the ore to pass through. This is charged into the hopper, and washed 
down the spout by a jet of water playing usually between the walls of 
hopper and box, but occasionally (if especially quick feeding is desired) 
upon the ore in the hopper. 

5. /igging. — The jigs in use for water sorting are plunger-jigs 
and movable sieve-jigs. The former are represented by two Collom 
jigs [10 and 11, and Figure 3], used for ores ranging from 30- to 5- 
mesh, the latter by a Richards jig [17] for sizes larger than 5-mesh. 

The Collom jigs are two-compartment machines. They are sup- 
ported by a V-shaped iron frame on either end. The screen frames 
are 12} by 18} inches. The length of stroke is adjustable to ? inch, 
and the number of strokes can be varied by the use of three step- 
pulleys, 8, 10, and 12 inches in diameter, from 130 to 180 per minute. 
The ore coming from the feed-trough, the feed-hopper, or the spigot of 
the Spitskasten travels over the jig, while the tailings at the opposite 
end are collected and unwatered in a sheet-iron box. From this they 
are drawn at intervals, while the water which overflows goes into the 
water tanks [18]. The jigs have no automatic discharge for concen- 

trates, since, for the purposes of instruction and experiment, it is 
better to stop them every little while and skim off the different layers 
formed. The manner of working, therefore, is the same as that of 
large-scale one-compartment jigs. The reason for having a two-com- 
partment jig is that “every machine, as far as practicable, should have 
its guard.”! Any middle product not remaining on the first sieve will 
be collected on the second sieve, and thus prevented from passing off 
into the tailings. The Collom jigs here described were put in to re- 








* Richards, Transactions American Institute of Mining Engineers, 22, 7o1. 
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place two three-compartment Harz jigs formerly in use, the screen 
frames of which, 6 by 123 inches, were much too small to do satis- 
factory work. The reciprocating motion was derived from an eccen- 
tric adjustable to 2 inches, and the number of strokes could be varied 
from 100 to 200 per minute by four step-pulleys, 6, 73, 9, and ro} 
inches in diameter. The jigs had an automatic side-discharge for 
heads. 

The movable sieve-jig serves to illustrate the lectures, to work ore 
coarser than 5-mesh, and to do the water sorting in graded crushing 
and jigging. The sieve frame is 14 inches wide, 22 inches long, and 
12 inches deep; the ore bed can reach a depth of 10 inches. The 
rods of the screen frame, 3 inch in diameter, are divided into two 
parts to facilitate taking the machine apart. The two lower or jigging 
rods, 48 inches long, are forked at their lower ends and have an eye 
at the top through which passes a connecting rod, ? inch in diameter, 
suspended from the upper or eccentric rods, which are 25 inches long. 
The eccentrics are adjustable to 2 inches; the eccentric shaft is 51 
inches long and 1% inches in diameter. It has a conical pulley with 
seven steps, its smallest diameter being 6 inches, its largest 8} inches. 
The number of strokes per minute ranges from 100 to 200. The 
counter shaft is placed 14 inches above the eccentric shaft, and the 
whole is attached to a strong wooden frame. The water tank in which 
the ore is jigged is 33 inches long, 27 inches wide, and 22 inches deep. 
Small boards extending from the sides into the tank serve as guides 
for the screen frame. The hutch-work is drawn off at the sides; the 
tank rests on a wooden box, and its top is 36 inches from the floor. 

6. Slime Washing. — Of the different machines in common use 
for working slimes (2. ¢., material not coarser than 30-mesh) only two 
are represented in the laboratory: a Frue vanner [16], and a convex 
continuous round table [12], a greater variety being excluded by the 
lack of space. 

The Frue vanner is of normal size, z.¢., it has an inclined rubber 
surface 4 feet wide and 12 feet long. Either plane or corrugated belts 
are used.: The normal adjustment for full work in the laboratory 
(inclination of belt 3} inches in 12 feet, travel of belt 32 inches per 
minute, and 195 shakes of 1-inch throw per minute) has to be changed 
if the pulp flows directly from the light three-stamp battery upon the 
vanner, as the battery furnishes only about 1} tons of pulp in twenty- 
four hours, while the normal rate of the vanner is 5 tons. The 
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simplest way is to change the inclination to 2} inches in 12 feet, and 
to regulate the flow of water accordingly. If the vanner is to do full 
work, the pulp from the battery is collected in the settling tanks and 
fed at the required rate and with the necessary water by the Hendy 
feeder of the stamp-battery. In order to permit this, the connecting 
rod of the friction plate is replaced by an eccentric rod, the eccentric 
of which has a 2-inch throw, and is on a small counter shaft near the 
ceiling. The counter shaft is driven from the upper shaft of the labo- 
ratory and makes 100 revolutions per minute. The ore which is fed 
by the carrier plate is washed by a jet of water into a sheet-iron trough 
and conducted from behind the mortar into the ore spreader of the 
vanner. 

The convex continuous round table is 8 feet in diameter, and has 
a slope of 3 inch to the foot. It is of }-inch sheet iron, painted with 
tar, sanded and rubbed smooth, and is supported by an umbrella frame. 
It receives its pulp from a fan-shaped distributor, which discharges 
against one side of a central cone, 14 inches high and 18 inches in 
diameter, and its wash water on the opposite side from a horizontal 
curved pipe with perforations on the inner side. The three products, 
tailings, middlings, and heads, flow into a circular launder. The com- 
partments for heads and middlings are 12 inches wide and hopper- 
shaped ; that for the tailings is 6 inches wide. The heads and mid- 
dlings are drawn off at intervals into a pail; the water of the heads 
compartment overflows into that of the middlings, and the overflow 
of these into the tailings launder. The heads are washed off by jets of 
water; the middlings are sprayed in the usual way. The machine 
treats from 1 to 1} tons of ore per day. 

There are in the laboratory, of course, the ordinary implements 
for panning and vanning to check the work done by jigging and slime 
washing, and to assist in amalgamating operations. 

7. Electro-Magnetic Separation. — The magnetic separation of 
magnetite, or of iron ore rendered magnetic by a preliminary roast- 
ing, is represented by a small Chase endless-belt machine! placed near 
the tank [32]. This receives the waste water from a 6-inch Pelton 
water wheel, which drives the concentrator. Many interesting data of 
magnetic separation are recorded in the journal of the laboratory. It 
may be incidentally remarked that a small Pelton wheel forms a most 





‘Transactions American Institute of Mining Engineers, 21, 503. 
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satisfactory motor for any apparatus that is to be driven independently 
in a laboratory having water under pressure at its disposal. Of course, 
a pressure regulator is necessary to equalize the uneven flow obtaining 
in a city main. 

8. Dry Concentration. — There are no arrangements in the labo. 
ratory for dry concentration. To make tests that would be in any way 
satisfactory would require too much space. 

9. Distribution of Power and Water. — The machinery of the 
laboratory is driven by a 1§ horse-power upright engine [24] having 
a common slide valve. Its cylinder is 9 inches in diameter; it hasa 
g-inch stroke, and is usually run at 200 revolutions per minute. The 
main shaft, 1? inches in diameter, is on the ground floor and runs the 
entire length of the milling room. Its position is approximately indi. 
cated by Nos. 1 and 3 in the plan (Figure 1). It makes 240 revolu. 
tions per minute. Near the double ball-grinding mill [36.1] it is con. 
nected with the counter shaft of the same diameter placed near the 
ceiling. This also runs the entire length of the mill room along the 
center line of the Frue vanner. It makes 200 revolutions per minute. 
Thus the different machines are set in motion either from the main or 
the counter shaft, the choice depending upon the location and direc- 
tion of the belts. 

The large dynamo [25], an Eddy shunt-wound machine of 50 volts 
and 50 amperes, is driven at the rate of 2,200 revolutions per minute. 
It has a separate driving shaft, 1? inches in diameter, making 550 revo- 
lutions per minute. The small dynamo [26], also an Eddy machine of 
2 volts and 50 amperes, is connected with a counter shaft, and makes 
1,400 revolutions per minute. Electricity has so far been used in the 
laboratory only for the separation of ores and for the deposition of 
metals. For electric fusion a differently wound dynamo would have 
to be added, in order to secure the necessary amperage. 

The water required in the laboratory is received from the city 
main, but is not conducted directly to the different machines, since 
there would be no regularity in the flow. It runs into the end com- 
partment of the water tank [18], from the bottom of which a centrifu- 
gal pump, 18 inches in diameter, delivers it into a 2-inch main pipe 
running along the upper platform, on which are placed the machines 
Nos. 13, 14,18, etc. Two-inch tees supply the different machines from 
the top of the main. By the aid of separate pipes and 3-way cocks the 
overflow from the jigs can be pumped upon either the vanner or the 
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round table, the overflow of the vanner upon the table, and the con- 
tents of the settling tanks upon any of the washing machines or into 
the sewer. 

10. Auxiliary Apparatus. — By referring to the plan (Figure 1) 
and its legend, the different auxiliary apparatus used in ore-dress- 
ing and in metallurgical work can easily be seen. Prominent among 
these are, for instance, the steam drying-tables [19], on which the 
products are dried so as to permit comparison of the weights of ore 
before and after treatment. 

The plan does not show the thirty-odd large bins, 4 feet wide, 4 
feet deep, and 4 feet high, for ores, fluxes, fuels, and intermediary 
products. They are accessible from the furnace room by two doors, 
and from the milling room by one door. 


B. — SAMPLING AND ASSAYING APPARATUS, 


Ore sampling is generally done in the laboratory by hand. If it 
is desirable to do mechanical sampling, only intermittent machines 
—those which take the whole of a stream of ore at stated intervals — 
are allowable. The small-size machines of Bridgman and Constant do 
good work. Ores are crushed in rock breakers and rolls, and pulver- 
ized in the Hendrie and Bolthoff sample-grinder [5] or on bucking- 
plates [20]. Samples for analytical purposes are ground fine in four 
Morrel agate mortars [24.1]. The ores are all sampled by hand on the 
iron sampling floor [6] or on the sampling table [21]. Liquid pulp, 
fed upon or coming from washing machines, is passed through spe- 
cially constructed automatic samplers (see, ¢.g., Figure 2). Samples 
from alloys are taken by chipping, punching, sawing, and boring [35]. 
In laboratory instruction too little stress is apt to be laid on the sam- 
pling of ores and metallurgical products. It is a most important and 
necessary part of the work, the whole of which is really invalidated if 
the sampling is inaccurate. 

Assaying, in its broadest meaning, includes the quick quantitative 
determination of any element or compound met with in metallurgical 
work, embracing not only fire assays, but also what is known as ana- 
lytical work on solids, liquids, and gases. In the Institute metallur- 
gical laboratory assaying is restricted to fire work (except as regards 
the parting of doré silver buttons or chlorination assays). All analyt- 
ical work is done in the chemical laboratories. The assay laboratory 
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has two divisions: the assay room proper [37], and the balance room 
[44]. The assay room has eight pulp balances [39], weighing accu- 
rately to 1 milligram with a load of 60 grams, and six flux balances, 
accurate to 0.1 gram with a load of 600 grams. They are distributed 
among the students’ desks [38], of which there are fifty. There are 
twelve crucible furnaces [41]; nine muffle furnaces [40], three of 
which have lately been erected in “the space to grow’’ [63]; and, 
lastly, an iron table [43] for hot crucibles, etc. Under the table is a 
shelf for crucible and scorifier molds, and beneath this are small bins 
for fuels. Along the side of the table are four posts, with anvils for 
breaking crucibles, hammering buttons, etc. The crucible furnaces are 
27 inches high, and 12 by 12 inches in the clear. They are inclosed 
in wrought-iron plates, and thus firmly held together. The top of each 
furnace is horizontal, and is covered by a fire-clay tile, around which is 
shrunk an iron band, with two hooks riveted to it. The cover is sus- 
pended from a wire cord passing over a pulley attached to the ceiling, 
a counter weight being at the other end. 

The muffle furnaces are of different kinds and sizes. Five are 
Judson coke furnaces, two with muffles 4 by 7 inches, closed at one 
end, and three with muffles 8 by 16 inches, open at both ends; also 
three coke furnaces, with sheet-iron housing and fire-brick lining, hav- 
ing muffles 7 by 12 inches, closed at one end; and, lastly, one two- 
muffle furnace for bituminous coal, with muffles 6 by 13 inches, open 
at both ends. Oil and gas furnaces are not used. The draft for all 
the furnaces is furnished by one main chimney [42], 2 by 3 feet, and 
about 80 feet high. 

The balance room contains one analytical balance and nine button 
balances [45]. The principal aim has been to have the leading makers, 
such as Ainsworth, Becker, Oertling, Troemner, and others, repre- 
sented. The balances are accurate to 0.01 milligram, with a maximum 
load of 0.5 gram. 


C. — METALLURGICAL APPARATUS. 


While the various operations of the concentration of ores and fuels 
can be carried on in a school or general experimental laboratory so as 
to give practical results, the case is likely to be somewhat altered when 
it comes to metallurgical processes. If we take, e. g., a leading proc- 
ess, that of smelting in the blast furnace, we cannot reduce the op- 
erations to a laboratory scale and obtain results which will serve as 
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a guide for practical work. Nevertheless, smelting in the blast fur- 
nace ought to be a part of the laboratory work, on account of its edu- 
cational value. If a student receives for treatment a batch of ore, 
examines it mineralogically and chemically, makes the necessary ana- 
lytical determinations of his fluxes and fuel, calculates his charge, 
smelts it, and sums up his results by weighing, assaying, and analyzing 
the products, he learns more about smelting than any amount of lec- 
turing or cursory visiting of works can ever teach him. Only by 
taking hold himself and carrying a process through to the end can 
he learn how to think metallurgically, and thus become really qualified 
to listen intelligently to what is taught in the classroom. 

There are, however, many metallurgical processes — such as roast- 
ing, amalgamating, leaching, electro-deposition and other operations — 
which can be performed in the laboratory on a small scale with trust- 
worthy economic results. In fact, the engineer is guided, in the plan- 
ning of amalgamating and leaching mills, by the results obtained in 
such laboratory experiments. This class of work should, therefore, 
have a prominent place in the laboratory. From what has been said 
it will be evident that most operations relating to the metallurgy of 
iron and steel must be excluded. Attempts have been made to imitate 
large-scale iron and steel work in the laboratory. For instance, the 
Sheffield Technical School, in England, has a small open-hearth steel 
furnace; the Polytechnic School of Aix-la-Chapelle, Germany, has a 
small puddling furnace ; but the writer, though not acquainted with 
the results obtained, is much inclined to doubt whether they will be 
found to justify the large outlay of time and labor involved. We must 
always keep in mind that it is not the province of an engineering 
school to perfect the student in any one branch of his profession, so 
much as to ground him in the fundamental principles upon which he 
is, later, to build for himself in detail. 

In the laboratory of the Institute the processes chosen for instruc- 
tion are those involved in the treatment of lead, copper, gold and silver 
ores, and the ores of some of the minor metals, although it should be 
added that crucible work and other small-scale heat treatment of iron 
and steel, especially with regard to their physical properties, are not 
excluded. 

The furnace room [48] contains apparatus enough of various kinds 
to carry on all the necessary operations, so arranged as to occupy as 
little space as possible. This forces a crowding of the furnaces; bu 
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as the work can be so laid out that adjoining furnaces need not be 
used at the same time, less inconvenience results than might be at 
first supposed, The necessary draft is furnished by a stack [84] 2 by 
3 feet, and about 80 feet high. A horizontal main flue, 3 by 3 feet, 
running along three sides of the room — sometimes near the ground, 
sometimes near the ceiling, according to the height of the furnaces — 
collects the gases. Each furnace, however, can be shut off from it by 
a damper in its branch flue. Too much stress can hardly be laid upon 
the necessity of securing a strong draft. The main and branch flues 
should be large, and the stack of ample section and sufficient height, 
so that it shall be possible to run each of the furnaces alone or any 
number or all of them together. With a well-fitting damper it is an 
easy matter to cut off too much draft; if there is too little, the result 
is fatal. 

1. Roasting. — For this purpose there are three reverberatory 
furnaces and one stall. 

The large hand-reverperatory [56] covers 8 feet 2 inches by 5 feet 
7 inches, and is 4 feet 8 inches high. Its hearth is 4 feet 2 inches 
long and 3 feet wide, and lies 9} inches below the top of the fire- 
bridge, which is 9 inches wide. The height of the 9-inch side wall is 
11 inches to the spring of the arch, the height of the arch § inches. 
The furnace has one working door, 14 by 9 inches in size, and 2 feet 
10 inches from the ground. The gases pass off through three open- 
ings, 9 by g inches, in the roof, into a branch flue running across the 
furnace and ending in the main flue. The fireplace, 2 feet 3 inches 
by 1 foot 9 inches, lies 16 inches below the top of the bridge, which 
is 8 inches below the roof. It has a door 12 by g inches in size, and 
2 feet 6 inches from the ground. The furnace treats charges of about 
250 pounds of pyritic ore. 

The outside dimensions of the small hand-reverberatory [60] are: 
Length, 8 feet ; width, 2 feet 8 inches; height, 5 feet. The hearth is 
2 feet square and 6} inches below the top of the bridge, which is 3 
inches wide. The height of the 43-inch side wall is 8 inches to the 
spring of the arch, and that of the arch is 5} inches. The working 
door is 9 by 6 inches, and 2 feet 10 inches from the floor; the flue 
running over the furnace is 5 inches square. The fireplace, 1 by 2 
feet, is 10 inches below the top of the bridge, which is 7 inches below 
the roof; and its door, 9 by 6 inches, is 2 feet 6 inches above the floor. 
The furnace works small charges, of say 25 pounds of pyritic ore. 
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The drawback of roasting in such small reverberatories is that the 
charge is liable to become too much cooled near the working door. 
If there had been more room both roasting furnaces would have been 
constructed, like the reverberatory smelting furnace, with the working 
door at the end and the flue just above it, the air necessary for roast- 
ing being admitted through the hollow bridge. It might also be an 
improvement to have the hearth built in an iron pan, and so arranged 
as to permit its being removed, cleaned, and examined after an opera- 
tion; although this is not so necessary in roasting as in smelting. 

The third reverberatory roasting furnace, the Briickner cylinder 
[54 and Figure 4], gives opportunity to study the behavior of an ore 
on a revolving hearth. The outside dimensions are: Length, 6 feet, 
and diameter 2 feet 8} inches. The cylinder is of ,3,-inch boiler iron, 
and has a 24-inch fire-brick lining. The throat is 12 inches, and the 
charging hole 8 inches in diameter. The cylinder, the axis of which 
is 3 feet 5 inches above the ground, revolves on two iron friction rings 
(35 inches in diameter), which rest on four 12-inch carrying rollers. 
One of the carrying-roller shafts (2,', inches in diameter) is rotated 
by a worm gear (62 teeth of I-inch pitch) at the rate of 20 revolutions 
per hour. The fire-box is detached and rests on castor wheels. By 
removing the box backwards or sidewise the amount of air admitted 
can be increased. An additional improvement would be to make the 
throat of the fire-box muffle-shaped, leaving that of the furnace circu- 
lar. In order to have complete control over the flame, the grate (18 
by 24 inches) is laid 20 inches below the bridge. The carbonic oxide 
gas generated is burned by warmed air entering the furnace just above 
the bridge, after having been forced through five flues in the side wall 
and roof of the fire-box. The ash-pit, 8 inches deep, is closed and 
connected with a blast pipe. This furnace treats charges of about 
200 pounds. 

The stall [57], which completes the roasting apparatus, is commonly 
used for treating coarse copper-bearing pyrites previous to smelting in 
the blast furnace. It is 3 feet 3 inches deep, 2 feet 3 inches wide, and 
3 feet 7 inches high to the spring of the arch. The arch is 6 inches 
high. The walls are 4 inches thick and well anchored. The ore 
is roasted on a temporary grate of wrought-iron bars. The front is 
bricked up halfway, the upper half being closed by an iron plate with 
peephole. The charge varies from 1,500 to 2,000 pounds, and a roast 
lasts from two to three days. The results in desulphurization are very 








sneer, 


sp AO PONS APE PSCC TILE LLIN EEL EE LEP CITE LED! LEI ENE IE 












































282 H. O. Hofman. 





similar to those*in large stalls. The management of the stall affords 
a splendid lesson in the regulation of draft. 

2. Smelting. — Smelting is carried on in the blast furnace, the 
reverberatory furnace, and the crucible furnace. 

The blast furnace [52 and Figure 5] has had to undergo several 
changes before it reached the present satisfactory form. The first 
furnace, 18 by 15 inches at the tuyere level, was built of brick. It had 
one tuyere at the back, run with a “nose,” the ore being charged 
towards the back and the fuel towards the front. It would last one 
day, or perhaps two days, and then had to be relined. The next fur- 
nace, 18 by 16 inches, with three ordinary tuyeres, and charged in 
horizontal layers, burned out in less than a day. When provided, how- 
ever, with one water-cooled tuyere at the back, projecting 8 inches, 
it was run successfully, and had to be relined only once a year. With 
this furnace ores were smelted for about six years, until, in 1884, the 
present one replaced it. This is a water-jacket furnace, resembling 
the circular copper smelter in common use to-day. The height of the 
furnace, 6 feet 63 inches, is divided as follows: Height of four hollow 
cast-iron columns, 17} inches; thickness of annular collar, 1 inch; 
distance to tuyeres, 1 foot ; diameter of tuyeres, 2 inches; and height 
to feed door, 3 feet 10 inches. The diameter at the bed plate is 1 foot 
5 inches; at the tuyeres, 1 foot 6 inches; at the throat, 1 foot 11 
inches. The furnace has a conical hood 2 feet 9 inches high and 25 
and 11 inches in diameter, which ends in a vertical flue leading into 
the main flue. The feed door is 13 inches high, 14 and 9} inches 
wide. The water-jacket is of 32-inch boiler iron and has a 3-inch 
water space. The feed water is supplied from the city main through 
a -inch pipe near the top, the overflow pipe being tapped into the 
upper flange. There are four tuyere holes, lined with solid bored 
blocks of bronze. The tuyere pipes are of wrought-iron steam pipe; 
the horizontal arm has at one end a conical-turned bronze nozzle, 
at the other a T, the vertical leg of which is connected by a pipe 
with the tuyere bag, and the horizontal leg, reduced in diameter by a 
bushing, is closed with a cap having a glass-covered peephole. The 
bustle pipe is 4 inches in diameter. The bottom of the furnace is 
closed by a wrought-iron plate clamped to the collar of the four col- 
umns. The crucible is lined with brasque tamped in solid from above 
to the level of. the tuyeres, and then cut out from below into the 
desired shape, the lining reaching up to the tuyeres. 
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In tapping the melted masses from the furnace different methods 
were tried before the present one was adopted. With an internal 
crucible and separate metal and slag taps the metal easily became 
cool; with an external crucible and continuous flow it cooled even 
more quickly. The present practice is to tap the melted masses into 
a small cast-iron overflow pot, having the form of an inverted pyramid, 
6 inches deep, 12} inches square at the top, and 2} inches square at 
the bottom. This retains the metal, matte, and foul slag, and is re- 
moved after every tapping by means of iron hooks inserted through 
rings on either side. The clean slag overflows into an ordinary con- 
ical slag pot, 14 inches in diameter and 16} inches deep. A detached 
carriage serves to take away the full pots and return the empty ones. 
A Devereux slag pot may in the future replace the arrangement now 
in use. The fumes from tap-hole and slag pot are drawn off by a hood 
connected with a small fan. The furnace has a daily smelting capacity 
of about 6 tons of charge, not counting the fuel. It is not run, how- 
ever, for 24 hours at a time. The furnace, warmed during the pre- 
ceding day and night, is usually blown in at 8 a.m., and blown down 
again about 4 P.M. This period is sufficient to give the student all 
the instruction that he can get from carrying on a smelting operation 
on such a small scale. Longer runs would mean greater physical ex- 
ertion without corresponding benefit. When a run is completed, all 
the products are carefully separated, and, if necessary, the matte 
adhering to foul slag or metal is separated by an additional crucible 
fusion, and thus a complete account of stock is taken. With the pres- 
ent arrangements the loss of metal in flue dust has to be arrived at 
indirectly by difference. It is proposed, however, to save the flue 
dust, either by cooling or filtering or by wet condensation, and thus 
to obtain direct figures. 

Three reverberatory smelting furnaces were once considered neces- 
sary to fill the wants of the laboratory for agglomerating lead and cop- 
per ores, smelting lead ores, cupelling base bullion, bringing forward 
matte and refining copper. Two furnaces are sufficient. The English 
cupelling furnace [59] serves for the last three operations, while the 
other two, formerly carried on in a reverberator furnace (replaced to- 
day by the Briickner cylinder), will be taken up again when the copper- 
refining furnace [§5] has been rebuilt as a reverberatory furnace with 
movable hearth inclined from bridge to flue. The cupelling furnace is 
of the ordinary pattern. The test is 18 by 24 inches, and is wedged 
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fast against the test-ring; the fireplace, 18 by 24 inches, is run with 
the under wind; the grate is laid low, 20 inches below the top of the 
bridge, which is 9 inches wide and 15 inches below the roof. In order 
to burn the carbonic oxide gas formed there is a special tuyere in the 
side of the furnace just above the level of the bridge. In addition to 
the tuyere at the back of the hearth, there is a second one in the roof 
connected with a U-shaped pipe passing through the flue. Hot blast 
comes into play when a quick raising of the temperature is desired. 
The different kinds of reverberatory work so far practiced in this fur- 
nace, such as liquating drosses on an iron plate, softening and cupel- 
ling base bullion on a hearth of limestone and clay, concentrating 
matte and refining copper on a hearth of a mixture of raw and burnt 
fire-clay or closely fitted refractory tiles, have been so satisfactory that 
the idea of a fixed hearth for laboratory purposes has been entirely 
given up. In the furnace 150 pounds of base bullion, assaying about 
150 ounces of silver per ton, are cupelled in six hours, or 200 pounds 
of black copper are brought through the different stages to tough- 
pitch copper in seven hours. 

The plan [Figure 1] shows a small cupelling furnace [61], which is 
used sometimes to refine impure silver from the English cupelling fur- 
nace in quantities larger than can be satisfactorily treated in one of the 
muffle furnaces. It has a small fireplace, 8 by 14 inches, and 15 inches 
deep, the flame rising from which strikes the fire-clay tile forming the 
roof, and is deflected so as to strike the silver (placed in an oval cupel- 
test, 8 by 14 inches, and 2 inches deep, filled with bone-ash). 

Crucible work is of considerable importance in a metallurgical 
laboratory, as it is not only adapted for independent experiments, but 
serves to bring into suitable form the different mixed products ob- 
tained in the processes carried out on a larger scale in the laboratory. 
Small crucibles are commonly heated in the assay furnaces ; for larger 
charges there are two pot furnaces [62 and Figure 6], worked with 
under-wind. They are 14 inches square and 23 inches deep; the blast 
is introduced through the ash-pit door, and the ash-pit is 9 inches deep. 
A furnace holds conveniently a No. 35 graphite crucible. 

3. Distillation and Sublimation. — Both these operations are of 
subordinate importance in laboratory work. Distillation of mercury 
is carried on in half pint and one pint bulb-retorts, which are heated 
over four-tube Bunsen burners. The delivery pipe is cooled by sus- 
pending from it an iron trough filled with cotton waste, which is kept 
wet. Reduction of zinc oxide or sublimation of arsenic, realgar, and 
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sulphur are rare operations, and no special apparatus is assigned for 
this purpose. 

4. Crystallization. — The principal process coming under this head 
is the Pattinson process, for which a cast-iron kettle [58] is used, 21 
inches in diameter and 14 inches deep, covered with a hood and heated 
by a fireplace 21 inches square. This kettle is rather small for the 
Pattinson process ; it is the one in common use for desilverizing ar- 
gentiferous lead by the Parkes process, and for melting and liquating, 
in general, readily fusible metals and alloys. 

5. Amalgamation. — The process of amalgamation is especially 
well adapted for laboratory work, since small-scale experiments give 
results directly applicable to large-scale work. The different appli- 
ances for treating gold and silver ores in this way are therefore well 
represented. There are a stamp-battery, a ball-mill, two revolving 
barrels, and a number of pans of different sizes. 

The stamp-battery, as a pulverizer, has already been described 
under the head of fine crushing. In using it for the amalgamation of 
gold ores, the arrangement and management of the copper plates (see 
Figure 2) differ from that of large-scale work in having nine small 
plates, 24 by 11 inches, and zs inch thick, laid crosswise over the 
apron table, one overlapping the other,! instead of a single large sheet 
of copper, and also in not having inside plates. By having several 
outside plates, and cleaning them up separately, it can be seen how 
the gold saved decreases with the distance from the mortar discharge, 
and the required length of plate can thus be determined. In order to 
prevent absorption of gold by the outside plate, it is coated with silver 
amalgam. On an inside plate this would be scoured off and gold would 
be absorbed by the copper, thus vitiating the test ; hence inside plates 
are not recommended. 

The ball-mill [36.1] is used for grinding and amalgamating small 
lots of gold ore and for cleaning up the battery residues. The plan 
shows a circular cast-iron (j-inch) plate, 22 inches in diameter, on 
either end of a horizontal shaft, 2 inches in diameter and 27 inches 
long, in the center of which is the driving pulley, 20 inches in diam- 
eter To each plate is bolted a flanged cylindrical box (7 inches deep, 
17 inches in diameter, and 1} inches thick), having a 4-inch charging 
hole opposite the shaft, to be closed by a wooden bung, and a 14-inch 


‘Richards, Transactions American Institute of Mining Engineers, 8, 362; Technology 
Qua: terly, 3, 45; Editorial, Engineering and Mining Journal, April 12, 1890, 418. 
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discharge opening, to be closed by a screw plug. From thirty to forty 
13-inch steel balls do the grinding. The mill makes 48 revolutions per 
minute, and works two charges of 15 pounds of ore in about ten hours, 

The revolving barrel [26.1] serves for amalgamating without grind- 
ing, as well as for leaching. Its general arrangement is similar to that 
of the ball-mill. To either end of the horizontal shaft, 1} inches in 
diameter and driven by a 20-inch pulley, is attached a wooden cylin- 
der, 7 inches in diameter and 11 inches long, made of f-inch staves, 
which receives a 2-quart glass-stoppered fruit jar, made tight with a 
rubber washer and screw clamp. The jar is packed with felt into the 
wooden frame. The shaft makes from 20 to 25 revolutions per min- 
ute. Small lots of ore, of 1,000 grams, more or less, are worked in 
about eight hours. 

There are ten amalgamating pans [29 and 30, Figures 7 and 8}. 
Three of these are accurate copies, in reduced size, of those used in 
practical work. They are 30, 18, and 12 inches in diameter, have 
sides 12, 8, and 6 inches deep, and discharge into a 30-inch settler, 12 
inches deep, making 1§ revolutions per minute. They treat charges 
of 250, 30, and 20 pounds, respectively, in from five to eight hours. 
The other seven pans [Figure 8], especially constructed for laboratory 
experiments, are only 7 inches in diameter. Three of these are of 
copper, the others of iron. The pan has a solid central core and no 
dies; the muller and shoes are cast in one; the pulp is prevented from 
settling on the core and sides by adjustable scrapers. The muller can 
be raised or lowered on the driving shaft, which is driven from above 
and easily thrown in and out of gear. The pans are heated by Bunsen 
burners. The muller makes 90 revolutions per minute, and the pan 
works charges in three or more hours. The reason for choosing such 
small-sized pans is, that in one day’s work two students will finish with- 
out outside help a set of experiments. They start, for example, in 
the morning four pans with the same ore, treat it in four different 
ways, and finish the cleaning up in the afternoon. A larger pan ora 
pan of a more complicated construction will not permit this. In clean- 
ing up, a large-sized Spztz/utte, 3} inches in diameter and 13 inches 
high, with a }-inch water inlet-pipe, is commonly used, as it does 
quick and effective work. 

6. Lixiviation. — The leaching of ores and intermediary products 
can be done in the laboratory in stationary vats by percolation, or by 
mechanical stirring, or in revolving barrels. For leaching by percola- 
tion there are two 40-gallon vats (not shown in the plan, Figure 1) 
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of wood, lined with lead. These will be replaced with sheet-iron vats 
poured with melted roofing pitch. For leaching in stationary vats with 
mechanical stirring there are three sets of 8-gallon vessels [28 and 
Figure 9] of glazed earthenware, 12 inches in diameter and 14 inches 
deep. The wooden stirrers, with their iron driving shafts, make 75 
revolutions per minute. For leaching in a revolving barrel the same 
apparatus is used as for amalgamation. Gold, silver, and copper ores 
are commonly, and zinc and nickel ores occasionally, treated by wet 
processes in the laboratory. 

7. Electro-Metallurgical Work. — Electricity has so far been used 
only for the refining of silver and gold bearmg copper. The large 
depositing table [27] holds the electrolytic baths. They are of wood 
pulp poured with melted roofing pitch, of glass, or of earthenware, as 
the case may be. No definite sizes have been, so far, adopted, but 
electrodes are usually made 7 by 10 inches. The current is furnished 
by the dynamos already referred to; thermo-piles and storage batteries 
are not in use. 


D. — ConcLusion. 

It is somewhat difficult to estimate the cost of the laboratory 
apparatus, because one thing has been put in after another, and alter- 
ations have been frequently made. It could probably be duplicated for 
about $15,000. The annual cost of running the laboratory, excluding 
wages, fuel, and power, is $1,200. 

That it is conducted in connection with classroom work, and not 
independently, need hardly be mentioned. With the school courses of 
the fourth year the students are thoroughly trained in the laboratory, 
their work there supplementing and illustrating the lectures. The last 
term is largely devoted to the working up of theses, which are always 
founded on laboratory experiment. While the student does not handle 
every apparatus, he sees most of them in operation. Every Saturday 
each student makes, before the assembled class, an oral report of his 
laboratory work during the past week, and its continuation for the 
coming one is discussed and laid out. The whole class thus gets the 
benefit of the work of each individual member. The time devoted to 
laboratory work is 325 hours, and to classroom work, including prep- 
aration, during the same year, 225 hours. The most satisfactory 
arrangement would be to have during the entire year two days a week 
for laboratory work. One of these should be uninterrupted for making 
a complete experiment ; the other might be divided into two half days. 
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THE RATE OF HYDROLYSIS OF SALICINE WITH ACIDS. 


By ARTHUR A. NOYES anp WILLIAM T. HALL. 


Received August 15, 1895. 


THE purpose of this investigation was to determine whether the 
hydrolysis of glucosides with acids is subject to the same laws as that : 
of cane sugar. Asan example of this class of bodies, we chose sali- 
cine, as it is the only one which fulfills at once the three necessary 
conditions of considerable solubility, great change of the rotary power 
with hydrolysis, and cheapness. This substance is decomposed with 
dilute acids at temperatures below 80° C., according to Piria (Annalen 
der Chemie, 56, 37), into dextrose and saligenine, as shown by the 
equation : 

CigHisOy + HO m= CgHsOe + CrHp0o. 

If the decomposition takes place at higher temperatures, the salig- 
enine goes over secondarily into its anhydride, saliretine. As both 
of these are optically inactive, it makes no difference which is formed. 
The original left-rotating salicine is changed by hydrolysis into right- 
rotating dextrose, so that the reaction is easily followed with the polari- 
scope. With regard to the solubility of salicine, it may be mentioned 
that a 5 per cent. solution, although supersaturated, may be prepared 
and kept at 25°. Its optical rotation at 25° in a 400 mm. tube is 
— 12°.32. 

Before any velocity measurements could be made, certain prelimi- 
nary experiments were necessary. It was first necessary to determine 
the relation between the rotation of the salicine in its original state, 
and the rotation after complete inversion. For this purpose a 5 per 
cent. salicine solution, containing enough acid to make it a normal acid 
solution, was heated on a water bath in a closed flask until there was 
no change in its rotary power. As a result of three independent ex- 
periments the value + 6°.00 was obtained for a completely inverted 
solution, giving the ratio 0.487. An inversion experiment made with 
weaker acid gave an identical value. 
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Then experiments were made to determine whether the rotation 
is proportional to the concentration. The following table contains 
the results. As concentration “C”’ is given the number of grams of 
salicine contained in 100 cc. of solution (measured at 25°). In all the 
experiments the rotation was measured at 25° in a Laurent polari- 
scope with sodium light, using a tube 400 mm. in length (/). 

The specific rotary power [a], equal to a is calculated as 
usual. The table shows that we can assume the rotation to be pro- 
portional to the concentration within 1 per cent., which is within the 
experimental error of the velocity experiments. 








Concentration. C. | Observed angle q,! | Specific rotary power [@]p. 
5.00 — 12°.320 61°.60 
3.75 — 99.225 61°.50 
2.50 — 6°.205 62°.05 
1.25 — 3°.110 62°.20 











1 Mean of readings from two separate solutions. 


The velocity experiments were carried on at 95° in a large thermo- 
stat containing a coil $f lead pipe filled with calcium chloride solution 
and connected with a gas regulator. The surface of the water in the 
thermostat was covered with a layer of paraffine in order to prevent 
the evaporation. The salicine solution, after it had been mixed with 
the desired quantity of acid, was read in the polariscope, and then 
placed in 500 cc. bottles in the thermostat. By means of a wash- 
bottle arrangement, 50 cc. portions of the solution were blown out 
from time to time and instantly cooled by ice water. The first por- 
tion was not taken out until the solution had reached the temperature 
of the bath, that is, after 30 or 40 minutes, and the time was reckoned 
from this point. The rotary power of the cooled solution was after- 
wards measured at about 25°. 

It was to be expected that the velocity of the reaction would be 


expressed by the general differential equation : 
d. 


o* = K(A —2x). 
dt 
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Corresponding to this equation the value of the constant X is cal- 

culated by the formula : 
i me 3 log ag + a1. 
¢ 
where a, is the angle of rotation before heating, a, that of the first 
portion taken out at time zero, a that corresponding to any time ¢, and 
c the previously determined inversion-constant 0.487. 

The results are contained in the following tables. Above each 
table the nature and concentration of the acid present are given. 
Below this and above the corresponding experimental series are the 
values a, of angle of rotation before heating. The time is expressed 
in minutes and the constants calculated by the above formula with 
ordinary logarithms are all multiplied with 10°, to avoid unnecessary 






































ciphers. 
First SERigs. | SEconD SgRIEs. 
Time ¢. Angle of rotation q, | Pape Time 7. | Angle of rotation. ee 
Hydrochloric acid: 0.2 normal. 
a = — 9°.67. | o=>— 9° 69. 
0 | — 7.44 Bin | 0 — 7.53 | 
20 — 5.08 468 | 35 — 3.44 504 
45 — 2.69 478 60 e- 1.49 | 492 
14 — 0.46 487 92 + 0.69 511 
110 | aa bat Fe 487 | * Bs a | 490 
150 -++ 2.50 494 165 | + 2.68 472 
Hydrochloric acid: 0.1 normal. 
ay = — 9.67. dy = — 9.69. 
- | eee: 
0 — 803 0 — 8.61 


| 
— 6.04 211 | — 7.00 
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First Series. 
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Sgconp SErRIgs. 








Constant | 





Constant 
























































Time 2. Angle of rotation qa, K X 10%, | Time ¢. | Angle of rotation q, KX 105. 
Hydrochloric acid: 0.05 normal. 
ay = — 9°.67 | ay = — 9°.69. 
0 — 9.53 0 — 9.36 
40 8.39 90 40 — 7.98 107 
110 | —6.11 108 110 — 5.98 106 
200 — 4.28 100 200 — 3.50 115 
300 — 2.17 105 300 — 1.74 112 
| 
420} — 0.44 105 | 420 — 0.03 112 
Sulphuric acid: 0.2 normal. 
ay = — 10°.99. ay = — 10°.56. 
0 | —9.17 0 — 8.97 
30 — 6.95 240 30 — 6.88 231 
65 — 4.75 243 65 | — 4.57 250 
110 — 2.46 245 10 | —235 250 
170 — 0.08 251 170 — 0.11 253 
235 + 1.32 237 235 + 1.44 248 
315. | + 283 237 315 + 2.68 241 
Oxalic acid: 0.2 normal. 
ay = — 10°.95. | ay = — 10°.58. 
0 —7.51 0 — 6.98 
110 — 4.50 106 109 — 3.89 117 
250 —1.79 102 249 — 1.30 110 
370 + 0.21 108 370 + 0.30 108 





106 


























292 Arthur A. Noyes and William T. Hall. 





First Series. SECOND SERIES. 





Time ¢. | Angle of rotation q, per Time ¢. | Angle of rotation q, | — 
| K | | ° 





Malonic acid: 0.2 normal. 














ay = — 10°.99. | -  @gmm— 10°.55. 
0 —1082 | ee 0 — 10.38 
290 — 8.46 23.7 265 — $28 23.8 
655 — 6.54 20.4 sds aoe 
0 — 10.53 
290 ince RRR | 20.7 














An examination of the above results shows that the constants are 
in general satisfactory, and that therefore the reaction, like the sugar- 
inversion, follows the law of the first order. The small deviations that 
occur are probably due to the temperature variations of the thermo- 
stat ; for, although these did not exceed a tenth of a degree, they are 
nevertheless of significance on account of the high temperature coef- 
ficient of the reaction. 

The relative effect of the various acids is shown in the following 
table. The mean values of the constants are given in Column I. 
Column II contains the relative values of the constants referred to 
that of the 0.2 normal hydrochloric acid, taken as 1,000. And 
Column III gives the values of the velocity constants determined 
by Ostwald for the cane sugar inversion by the same acids at half 
normal concentration. 








The acid and its concentration. E, Il. III. 
Teaese : 3 

Hydrochloric acid (0.2 normal). .....2... 489 | 1,000 | 1,000 
Hydrochloric acid (O.} normal). . . 2. 6 2 6 es 231 472 
Ilydrochloric acid (0.05 normal) . . ..... . 107 219 oe 
Sulphuric acid'(Q2 normal) . . . . 1... « « « 244 499 536 
Oxmtic-acia (OS normal) . sw sk 6G Ks 109 223 186 
Malonic asid(@2mormal); 2. 2 6 kk 22.2 45 31 
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It is seen that the corresponding numbers of the last two columns 
are of about the same magnitude. The relative influences of the 
various acids upon the hydrolysis of salicine and the inversion of 
sugar are, therefore, nearly identical. It is, however, worthy of men- 
tion that the chemical activity of hydrochloric acid in the case of 
the salicine, as in the case of the sugar reaction, increases more rap- 
idly than the concentration, while the electrical conductivity increases 
more slowly than it. 





S. W. Holman. 


PYROMETRY: CALIBRATION OF THE LeCHATELIER 
THERMO-ELECTRIC PYROMETER} 
By S. W. HOLMAN. 
Received October 29, 1895. 

In a discussion of thermo-electric interpolation formule? the au- 
thor has shown that the resultant thermal emf. =’e of a closed me- 
tallic circuit of two metals, with one junction at o°C. and the other at 
t° C., may be expressed to 0.5 per cent. and better above 300° C. by an 
expression of the form 2’e = m2, or log 3’e = n log ¢ + log m, 

0 
where m and z are constants depending on the metals of the couple. 
Similar demonstrations show that with the cold junction constantly at 
20° C. the emf. may be expressed by =’¢ = m7 nearly enough. This 


20 
fact, together with the known fact that the D’Arsonval galvanometer 


gives readings nearly proportional to the currents and therefore to Lie 
- ( 


on a circuit of constant resistance, led to the thought that the cali- 
bration of the LeChatelier thermo-electric pyrometer might be simpli- 
fied by the use of a logarithmic instead of a direct plot. A study of 
a series of six calibrations, made at different times by four different 
sets of observers, with two distinct pyrometers, and in nearly every 
case with different suspension wires and adjustment, confirmed the 
deduction and led to the following method. It will be seen that the 
method requires calibration at only two known temperatures instead 
of several, as formerly, a saving of labor and a gain in accuracy. The 
method, although suggested by the facts referred to, is not merely a 
deduction from them, but should rather be regarded as an empirical 
process based on experiment. It is not rigidly exact viewed from 
either a mathematical or experimental standpoint, but is merely an 
approximation holding within the limits of variable error of the instru- 
ment, and probably well within the limits of uncertainty of the as- 


‘Published also in Proc. Am. Acad. Arts and Sciences, 1895. 
* Holman, Thermo-electric Interpolation Formule. Proc. Am. Acad. Arts and Sciences 
(1895). See also later number of this journal. 
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sumed values of the melting points employed in calibration. For 
clearness, the usual method of calibration will be first stated, and then 
the proposed method. 





UsuaL Metuop. — The cold junction is kept at a temperature, 
usually about that of the room, measured by a mercurial thermom- 
eter. The spot of light is made to read zero with the circuit open. 
The hot junction is then exposed successively to several known high 
temperatures and the scale readings are taken. These temperatures 
are, ordinarily, the boiling point of naphthalin (C,)H,) and of sulphur, 
the melting points of aluminum, gold, and platinum, selected as be- 
ing the most satisfactory in manipulation and reliable in value. The 
values assumed for these points differ, following the judgment of the 
experimenter, Violle’s figures, 1,775°C. for platinum and 1,035° or 
1,045° C. for gold, and LeChatelier’s, 625° or 635° for aluminum, being 
most commonly accepted. From measurements and considerations 
elsewhere! discussed, the author recommends as provisional numbers 
in preference to the foregoing values: 



























































































































t 
S$ CyoHg  218°.07 + 0.0625(H-760). Crafts.2» Holman and Gleason.3 
S 444°.53 + 0.082(H-760). Callendar and Griffiths.* 
T Al 660° Holman, Lawrence, and Barr.? 
e Ag 970° H., L., and B. 
; Au 1,072° Holborn and Wien. 
I Cu 1,095° Bi: Band fF. 
i- Pt 1,760° H., L., and b. 
of 
at A plot is then made with deflections (scale readings) as abscissas 
y (horizontal), and temperature differences (¢— c) between the hot and 
le cold junctions as ordinates (vertical). The points thus obtained lie 
1€ along a curve, which in the upper part approaches somewhat closely to 
ad a straight line. But it is nowhere exactly straight, and the error of 
1e assuming it so may amount to 10° or 15°, or evcn more. On the other 
a hand, the points lie so far apart if plotted upon a scale commensurate 
al with the sensitiveness of the instrument that it is impossible to draw 
ym 
an 
- *Holmane, Lawrenc, and Barr. Proc. Am. Acad. Arts and Sciences (1895). See also 
later number of this journal. 

aS- * Crafts, Bull. de la Soc. Chim., 39, 196, 277 (1883). 

>Holman and Gleason, Proc. (3) Am. Acad. Arts and Sciences, 21, 237 (1888); 

Tecknology Quarterly, 2, 1. 

ces *Callendar and Griffiths, Philosophical Transactions, 182, 119, 157 (1891). 





* Holborn and Wien, Zeit. fiir Instrumentenkunde, 12, 257, 296 (1892). 
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a curve through them which shall be much more reliable in the upper 
parts (the portion most frequently needed) than the straight line. 
Although this statement is perhaps counter to others that have been 
made on the subject, it is the author’s opinion after prolonged experi- 
ence with the instrument. 

In subsequent temperature measurements this curve is, of course, 
used for interpolation in the customary manner ; that is, any deflection 
being observed, and at the same time the temperature c! of the cold 
junction, the curve is entered with this deflection as abscissa, and the 
corresponding ordinate of the curve is read off. This ordinate will be 
approximately (¢—c!') the temperature of the hot minus that of the 
cold junction. Hence the desired unknown temperature ¢ is obtained 
approximately by adding c! to this ordinate. 

ProposED METHOD. Odservations. — The scale is adjusted so that 
the spot reads zero with the circuit open. The cold junction is kept 
at a temperature about that of the room, measured by a mercurial 
thermometer. In careful work this temperature should be kept con- 
stant or nearly so, either at 20° or, better, at o° C. The other junc- 
tion is then exposed successively to two known temperatures, prefer- 
ably boiling sulphur and melting copper (for reasons to be given), or if 
temperatures upwards of 1,200° C. or 1,300° C. are chiefly to be meas- 
ured, to melting copper and melting platinum. Deflections and tem- 
peratures of the cold junction are taken. 

Correction for Cold Junction. — If the cold junction is always kept 
within about 1° of a constant point, e. g., 20° (or 0°) both in calibra- 
tion and subsequent work, these observed deflections require no correc- 
tion. If that is not the case, then the deflection should be corrected 
to obtain what it would have been had this been done. This is readily 
effected as follows: Let a be the change of deflection per degree at 
20° C. This may be found nearly enough by observing once for all the 
deflection with the cold junction at some observed temperature, any- 
where from 10° to 15°, and the hot junction at an observed temper- 
ature from 30° to 40°. The deflection divided by the temperature 
difference will, of course, be a. Then, if the observed temperature of 
the cold junction in a measurement is, ¢. g., 16° instead of 20°, the 
correction would be (20-16)a = 4a to be subtracted from the observed 
deflection, since that was obviously too large. These corrections are 
small and can easily be made mentally, since a is seldom more than 
sy Of a small division of the scale. 
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Calibration, and Computation of Unknown Temperature. — Let d, 
represent the corrected deflection for the sulphur temperature ¢, (com- 
puted from the reduced barometric pressure // at the time by the fore- 
going formula), and let @ be that for the melting temperature ¢, of 
copper, or the metal used. Plot two points with log d, and log d, 
as abscissas and log ¢, and log ¢, as ordinates, respectively. Draw 
through these two points a straight line. Then, within the limits of 
error of the apparatus, the ordinate of this line corresponding to any 
abscissa log d will be log t, the log of the desired temperature of the 
hot junction, @ being any observed deflection corrected to 20° or 0° as 
above. That is, the number corresponding to this logarithm will be ¢. 

By far the most convenient way to effect this plotting and subse- 
quent interpolation, instead of employing logaritim tables and the 
ordinary codrdinate or plotting paper ruled with equidistant lines, is 
to use plotting paper with a logarithmic ruling, that is, with lines 
spaced at distances progressively diminishing according to the log- 
arithmic law, like the divisions of the ordinary slide rule. By suitably 
numbering the axes of such a sheet, the desired quantities can be plot- 
ted directly without the aid of the logarithm tables. Subsequent in- 
terpolation then becomes exceedingly easy, since it is merely necessary 
to enter the plot with the corrected deflection as abscissa and read off 
the corresponding ordinate on its numbered axis, this giving directly 
the unknown temperature,¢. Unfortunately, such paper (which would 
be useful in many physical and practical problems) is nowhere on sale 
so far as the author is aware. 

In default of such paper, and instead of using the plot of loga- 
rithms for continuous interpolation, a direct-reading plot of deflections 
and temperatures may be made from it once for all. On the logarith- 
mic plot look out the ordinate for every 10 (or 20) divisions of the 
scale, 7. ¢., corresponding to log 10, log 20, log 30, etc. (smallest divi- 
sions). Look out in the log tables the numbers corresponding to these 
ordinates, thus obtaining 4,5, Z49, etc. Make a new plot with 10, 20, 
30, etc., as abscissas, and 719, 4g9, ¢g9, etc., as just formed, as ordinates. 
These points can be taken at such short intervals that a reliable 
smooth curve may easily be drawn through them, and this is then 
available for subsequent direct interpolations. 

In the absence of logarithmic plotting paper, log plots may very 
conveniently be made by a straight edge graduated with a logarithmic 
scale. Four of such rulers (two of single and two of double scale) 
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may be cut from an ordinary box-wood slide rule by a skilful carpen- 
ter. They are very useful in a variety of physical work, but less so 
than the ruled paper. 

Various well-known causes will modify the calibration of the in- 
strument from time to time. Recalibration easily detects and over- 
comes the change. But a more convenient method is to include in 
the circuit an adjustable resistance (preferably a manganin wire rheo- 
stat). At any time observe the sulphur point. Should it be found 
displaced from the original calibration, adjust the rheostat until that 
reading is restored. This will also restore the entire calibration, un- 
less indeed there has been some radical change, such as the insertion 
of a new thermo couple of different composition. 

Proof of the Method. — The method rests for demonstration on 
the fact that logarithmic plots thus 
made for the six calibrations above 
cited, each containing observations on 
naphthalin, sulphur, aluminum, gold, 
and platinum, and using the above 
provisional temperatures, were straight 
lines well within the limits of varia- 
ble error of the observations with but 
one exception, when the platinum point 








showed a wide divergence, presumably 
due to mistake or possibly to faulty 
setting up of the instrument. 
H Apparatus and Procedure in Calt- 
5S brating: Sulphur.—F¥or this boiling 

















point, in order to obtain as good results 
as the instrument is capable of, the 





boiling point tube shown in the sketch 
is satisfactory, and a duplicate serves well for naphthalin. The 
glass tube A A is about an inch in diameter and 12 inches long, 
terminating below preferably in a bulb about 2 inches in diameter. 
The tube to within 2 inches of the top is wrapped with asbestos 
cloth B of a thickness of at least one quarter of an inch to pre- 
vent radiation and superheating. The clear part of the tube, which 
may or may not be wrapped in a spiral spring S, serves as a con- 
denser, and with an asbestos cover closing the top efficiently pre- 
vents escape of sulphur vapor. It is easy to regulate the rate of 
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boiling so that the visible line of condensation in the tube is nearly 
steady in position. The bulb rests on a diaphragm of asbestos 
board H having an opening about half an inch smaller in diameter 
than the bulb. The whole apparatus is supported in a clamp stand. 
The flame plays upon the bulb where it is exposed by the hole, but 
the diaphragm (6 or 8 inches in diameter) prevents the hot gases from 
passing up around the tube, which would cause superheating. Two 
overlapping partial diaphragms PD and £, about an inch above the sul- 
phur and half an inch apart, prevent spattering and radiation from the 
liquid to the thermal junction. The wires of the couple extend down- 
ward through the cover toa point an inch or less above the diaphragm. 
The sulphur should extend from the bulb to a point half an inch or 
more into the tube. It will usually be found necessary to pour out the 
liquid sulphur at the close of a calibration to avoid breaking the tube at 
the next heating. The diaphragm should, therefore, be arranged so as 
to be easily removable. If there is trouble from breaking of the tube 
during boiling (none with good glass), a copper wire gauze wrapped 
about the bulb will be found a preventive. The boiling should be 
maintained for a few minutes after the sulphur vapor has risen above 
the top of the asbestos to insure uniformity of temperature. It is 
advantageous to put the wires through a small hood or umbrella of 
asbestos at a point about an inch above the junction, so shaped as 
to shed the drip of cooler liquid sulphur which will run down the 
wires. A special form of hood is shown at C in the figure. Both 
this and the diaphragms in the tube are, however, unnecessary in 
ordinary work. 

For comparatively rough work it is sufficient to boil some sulphur 
in an ordinary or small test tube (about one fourth full) and hold the 
junction at the surface of the boiling liquid, taking pains not to have 
it touch the tube and also not to overheat the tube. This is the cus- 
tomary procedure, but is not quite worthy of the instrument. 

The barometer and its temperature should be observed at the time 
and place of making the calibration, although the errors from omission 
of this are negligible in rough work. 

Copper. — The high grades of commercial copper are good enough! 
for this use; such, for example, as are used in the best rolled sheet 
copper and wire. This, of course, is easily obtainable and inexpensive, 





*See results by H., L., and B., at above reference. 
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and may probably be relied upon as having a melting point not much, 
if any, over 1° C. below that of pure copper. Electrolytic copper of 
a much higher grade of purity is preferable and is not now rare or 
expensive. 

A fire-clay crucible! 1} to 1} inches deep and about 1 inch in diam- 
eter is held in place inside a small furnace by pieces of fire-clay, as 
shown in the sketch. A double walled furnace of the design and pro- 
portions shown? (the figure is half size) is most satisfactory. It is 
about 43 inches outside diameter and 3} inches high. The crucible 
contains upwards of 
50 grams of copper. 
Above this, within 
the crucible, is a dia- 
phragm D made from 
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tube carrying the 
thermo couple. Upon 
this diaphragm is 
placed powdered char- 
coal. <A block £ of 
battery carbon is 
turned to fit the rim 
of the crucible some- 
—— what closely to serve 

as a cover. G is a 

diaphragm of asbestos board which deflects the gases, and upon this 
at A is placed fibrous asbestos to reduce the heat conductivity. The 
cover belonging to the furnace is not used. Simpler details might 
serve sufficiently well, but they must effect the same result, namely, 
produce by slow combustion an atmosphere of carbon dioxide in the 


























1 Buffalo Dental Co., Buffalo, New York. 

2 Wiesnegg, also Carpentier, both of Paris, supply such a furnace; or, one may readily 
be made by any manufacturers of fire-clay apparatus. The Fletcher furnaces may also be 
used, but are not so convenient for the purpose, because the products of combustion escape 
at the top. 
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crucible to retard the oxidation of the copper. As above arranged the 
powdered charcoal does this and the carbon plates do not burn. 

The thermo couple projects, as shown, into the metal, being of 
course thrust in during the first melting. It is obviously indiffercne 
whether the wires are joined or not. The end of the wires will require 
clipping subsequently to remove the short section injured by action 
of the copper. The uniformity of the wire, however, renders this a 
source of no sensible error. 

The apparatus being arranged as shown, and the copper being 
liquid (it should not be unduly superheated), the blast is slightly re- 
duced so that the crucible may cool slowly, and the pyrometer is read 
continuously. When the solidifying point is reached the reading will 
become constant for some minutes (dependent on the rate of cool- 
ing), and will then begin to descend. This “steady point” occurs, 
of course, during the giving out of the latent heat, and is the desired 
reading corresponding to the solidifying point. The blast is then 
increased, and the corresponding constant reading in the ascending 
temperatures gives the melting point. This should, with copper, be 
sensibly coincident with the solidifying point, and will be found so 
unless complications are introduced through too rapid heating or cool- 
ing, or through the formation of slag upon the top of the copper. It 
is well to withdraw the junction, clean it if necessary, and take check 
readings. 

The advantages of copper over gold, as demonstrated elsewhere,! 
are that it is more easily and cheaply obtainable in a state of sufficient 
purity to give a reliable melting point, and that by using a large mass 
an unmistakable steady reading of considerable duration can be ob- 
tained. ‘Ihe latter consideration is of special weight where the gal- 
vanometer is exposed to jarring or the observer is not experienced. 
The operation is no more laborious, and, except possibly for a skilled 
observer, is less time consuming and more satisfactory than the cus- 
tomary method with gold. 

LeChatelier’s original method employing gold (or other metals) was 
to use this same furnace, but with its own cover on. The crucible 
without a cover was filled with magnesia or lime, and the thermal 
wires passing through a perforation in the furnace cover terminated 
with their junction in the center of the crucible surrounded by the 





*See H., L., and B., former reference. 
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magnesia. Before its insertion the junction was carefully wrapped 
with a small piece of wire or foil of gold or of any metal under test. 
This being arranged, the blast was controlled to raise the temperature 
. at a slow and steady rate. The spot of light on the pyrometer scale 
was then watched closely. It would be seen to rise steadily until a 
certain point was reached, then to stop abruptly for a moment, then 
to start upward again almost with a bound and go on rising. This 
temporary stopping was due to the time required for the absorption of 
the latent heat of fusion. A similar stopping point may then be gen- 
erally observed on allowing the furnace to cool slowly. These two 
points, the “melting and freezing points,” should in general agree. 
With too rapid rates of heating or cooling they are likely to show an 
erroneous disagreement. Under favorable conditions, viz., with the 
galvanometer ina place free from jarring and with a steady air blast 
of quite sufficient capacity, this method yields perfectly good results, 
although the inexperienced observer will generally miss the reading on 
the first one or two trials. But in most places, notably in connection 
with industrial plants, it is not infrequently difficult or impossible to 
secure the necessary steadiness of support or of blast. Failing these, 
the stopping point sought is very likely to be so masked by irregulari- 
ties in the motion of the spot as to introduce much uncertainty into 


readings, if not to entirely prevent satisfactory calibration by this 
method. 


Another way is to have the two thermal wires held together at the 
ends merely by the wrapping of gold, etc., and under slight tension, 
so that as soon as the metal melts the wires will draw apart and open 
the circuit. The spot will then reach a highest point corresponding to 
the melting point, and then suddenly drop to zero. In practice this 
method, although convenient in some cases, has been found not to 
yield satisfactory results on the whole. 

With some metals, particularly those melting below gold, the author 
has found the following arrangement to work well, being more rapid 
and under better control: A small crucible of fire-clay, 1} or 2 inches 
long and } to 3 inch inside diameter, with straight sides and a flat 
bottom,! is employed. Into this is inserted the clay tube carrying 
the wires, a packing of asbestos being used around it if it does not 
pretty well fit the crucible. The junction remains free about half an 





* Made to order by Hall & Sons, Tonawonda Street, Buffalo, New York. 
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inch from the bottom and not touching the sides. The crucible is 
then gradually heated in the flame of the blast lamp, and the stop- 
ping point observed as before. 

Platinum. — For this we depend on the direct fusion of the plati- 
num wire! of the couple just at the junction. A convenient way is 
to fuse the ends together, then to bend the wires so that the two lie 
closely side by side and are nearly straight, but not touching. Then 
lay the end on a smooth surface of quicklime. A small flame from 
the oxyhydrogen blowpipe is then directed upon the junction. The 
globule at the end will fuse, and may gradually work up along the 
wires. By watching the surface appearance of the globule closely it 
is easily possible to control the position and effect of the flame so as 
to maintain the mass just on the point of fusion and get a fairly con- 
stant reading. Heavily clouded dark glasses must be used in watch- 
ing the platinum. Neglect of this involves risk of serious permanent 
injury to the sight, and, if persisted in, of even greater danger. 

Modifications of the LeChatelier Thermo-electric Pyrometer. — By 
an experience extending over four years in the use of this instrument 
in its original form, and after tests and study of many other forms of 
pyrometer the writer is convinced both that the thermo-electric 
method is by far the most promising one as the basis for industrial 
pyrometry as well as for much measurement in scientific research, and 
that the LeChatelier form (by Carpentier, Paris) of the instrument is 
the most generally satisfactory one now obtainable on the market. 
Yet for general industrial service the LeChatelier instrument falls 
short of the requirements in two ways: First, it is not sufficiently 
simple of manipulation in the setting-up and in the calibration to be 
put into the hands of any but a fairly well trained observer. A trained 
chemist of works, an educated superintendent, or any man of such 
caliber, may be expected to take the instrument as sent by the makers, 
mount it and operate it successfully, and under such observers scores 
of them are rendering important service. The mere reading can be 
done by any foreman after a few words of explanation. Second, the 
conditions of steadiness of support requisite for the galvanometer, 
although often obtainable, are by no means commonly to be found in 





‘It may be of interest to others, as it was to the writer, to learn that the firm of Heraeus, 
of Hannover, Germany, which has made platinum of exceptional purity for the Reichsanstalt, 
has an agent in New York, Charles Engelhard, 41 Cortland Street, New York. 
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those portions of industrial work where the instrument is desired, 
These facts are restricting the introduction of an instrument other- 
wise excellent in its performance and marking a distinct onward step 
in the art of practical pyrometry. 

The urgent need of a still more universally practicable pyrometer 
cannot be too strongly nor too often emphasized. The employment of 
a reliable pyrometer would, in a large number of industrial processes 
of great magnitude, certainly result in a notable advance in quality of 
product, in prevention of waste, in improvement or perfection of the 
process itself, and in the discovery of new methods and new products 
promoting industrial progress and increasing profits. To cite an in- 
stance, there has recently come to the notice of the author a case 
where the introduction of a modified LeChatelier pyrometer has put 
an end to a systematic loss of at least 20 per cent. of the whole out- 
put of a factory. The product is an article demanding a uniform and 
exact tempering of steel. The pyrometer has eliminated almost abso- 
lutely the former uncertainty in the operation, beside affecting other 
important gains. The profit to this manufacturer through the advance 
of his art, as well as in competition, is obvious. 

This is said here in the hopes of stimulating both the increased 
employment of the instrument and the improvement of its design. If 
a galvanometer as reliable, as simple, and as portable as the Weston 
magnetic voltmeter could be adapted to use in direct circuit with a 
rhodo-platinum thermal couple, there would result, as I have for some 
years urged, an almost ideal pyrometer for technical work. Thus far, 
unfortunately, the Weston instruments do not yield in this combina- 
tion sufficient sensitiveness to admit of their being put forward as 
meeting any but very special needs. Nevertheless, at least one such 
combination is said to have been successfully used for a certain pur- 
pose. The writer has made repeated efforts to obtain a suitable in- 
strument from the Weston Company and from some others without 
success. He has, however, under construction at the present time 
a form of D’Arsonval galvanometer, which, if it fulfills the specifica- 
tions in the manner guaranteed by the maker, will merit a description. 
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On the Atomic Weight of Oxygen. Synthesis of Weighed 
Quantities of Water from Weighed Quantities of Hydrogen and 
Oxygen. By Epwarp W. Morey. Am. Chem. J., 17, 267-275, 396.— The 
author gives a brief description of some of his elaborate investigations on 
the atomic weight of oxygen. The work is to be published in detail by the 
Smithsonian Institution. ‘The hydrogen was weighed in combination with 
palladium, and the oxygen in glass globes of &bout 20 liters capacity. The 
gases were brought together and burnt in a specially constructed apparatus 
which had been previously evacuated and weighed. At the close of the com- 
bustion the residual unburnt gas was removed from the combustion apparatus, 
measured, and analyzed, and the amounts of hydrogen and oxygen consumed 
as given by the loss of weight of the respective reservoirs corrected accord- 
ingly. The combustion apparatus was also weighed, showing the amount of 
water produced. ‘The mean of twelve determinations of the ratio O:H is 
15.8792 + 0.00032, the extreme values being 15.877 and 15.882. ‘The mean 
~ of eleven determinations of the ratio H,O: H is 17.8785 + 0.00066, the ex- 
treme values being 17.873 and 17.883. ‘Thus the two ratios agree within a 
few thousandths of a percent. ‘The author has also determined under nor- 
mal conditions (latitude 45°, sea level) the density of oxygen: 1.42900, and 
that of hydrogen : 0.089873, and the volumetric composition of water at 
0° : 2.0027, from which a new atomic ratio O:H of the value 15.879 + 0.0011 
is derived. The atomic weight of oxygen may now, therefore, be regarded as 
definitively established to be 15.879, with a probable accuracy of 0.02-0.03 
per cent.; for the uncertainty inherent in most previous determinations aris- 
ing from the possibility of impurity in the gases is greatly diminished in the 
present ones by the complete synthesis of the water. The value, moreover, 
agrees well with the results of all recent determinations except that of Keiser. 


The Law of Mass Action. By J. E. Trevor. Am. Chem. /., 17, 
372-374. — The author derives the Jaw by an application of the principle that 
the change in free energy caused by a virtual displacement of a system in 
equilibrium is equal to zero. In case of the reaction 4,4,+ M,4,.... 
= ma, + mea, . . . in which M, M2, m4, m2, represent the number of mole- 
cules of the reacting substances A4,, Ae, a, a, this change is 8 F= Snvdp 
—ZNVé P= O, where £, P, are the partial pressures and 7, V, the molec- 
ular volumes. Integration of this change over the transformation of the 
entire ,, %, molecules, with help of the relation p v= R Z, and substitution 
of the concentration ¢ for the pressure /, gives at once the law of mass action: 
F=RT(% log c* —& log C’), where F is a constant, the total change in 
free energy corresponding to the transformation referred to. 











306 Review of American Chemical Research. 


On the Determination of the Affinities of Acids Colorimetrically 
by Means of Potassium Dichromate. By J. H. Kastve anp B.C. Keiser, 
Am. Chem. J., 17, 443-449. — The work consists in the determination of the 
relative quantities of sodium hydrate required to produce in a solution of 
potassium dichromate the same shade of color as is caused by the addition 
of neutral sodium salts of various weak acids. The results show that the ex- 
tent of the conversion of the dichromate into chromate is greater the less 
the affinity of the acid, the effect with the salts increasing in the following 
order: bromacetate, formate, benzoate, crotonate, acetate, butyrate. The 
authors’ interpretation of the reaction as the division of a base between two 
acids and their calculations of the “ affinities” are without theoretical justifi- 
cation ; for potassium dichromate is not an acid salt of chromic acid, but a 
completely neutral one of dichromic acid, a distinct acid which is shown by 
electrical conductivity measurements (Ostwald, Zéschr. physik. Chem., 2, 78) 
to be a very strong one. Moreover, they do not remark that in several cases 
the calculated amount of the added salt decomposed exceeds the total amount 
of dichromate present. The equilibrium is in reality one between CrO, and 
H ions on the one hand, and Cr.O, and OH ions on the other. As in the 
experiments all four of thesé quantities were variable and undetermined, a 
quantitative interpretation of the results is impossible. In view of the fact 
that the investigation is to be continued, the abstracter suggests that the rela- 
tions would be very much simplified if the authors should modify their experi- 
ments in such a manner as to determine the relative quantities of the various 
salts required to produce always the same shades of color. In that case, since 
the quantities of CrO, and Cr,O, are necessarily constant, and since also the 
quantity of H ions is determined completely by the dissociation constant of 
water and the quantity of OH ions, it follows that the concentration of the lat- 
ter must be constant likewise. A measure would thus be obtained of the rela- 
tive hydrolysis of the salts under the prevailing conditions of the experiment, 


On Ternary Mixtures. By Witper D. Bancrort. Phys. Review, 3, 
21-33; 114-136; 193-209; Am. Acad. Proc., 30, 324-368. The solubility of a 
substance in a mixture of two other substances forms the subject of these 
papers. In the first series of ternary mixtures investigated, the solubility of 
a liquid in a mixture of varying proportions of two other liquids with one of 
which taken alone the first liquid is miscible in all proportions and in the other 
of which it is insoluble. The principle and the method employed are illus- 
trated by the following example: to 5 cc. of alcohol in each of a series of 
tubes, various measured quantities of water are added, and then by means of a 
burette chloroform is gradually run in until at the chosen standard tempera- 
ture a permanent turbidity is just produced. The amount of alcohol being 
constant, and the amounts of water and chloroform present at the saturation 
point being designated by x and y respectively, and 2 and C being empirical 
constants, the author derives by an application of the Chemical Mass Action 
Law the formula # log x + log y = log C; or x" y= C; and shows that the 
experimental results can be expressed by an equation of this kind. In the 
theoretical deduction the very essential fact is completely overlooked that 
the equilibrium is one between two phases, doth of variable composition ; the 
equilibrium is not one between pure chloroform and the mixture of alcohol 
and water, but one between a variable mixture consisting mainly of chloro- 
form and alcohol and the mixture of alcohol and water; and evidently the 
composition of the first phase (disregarded by the author) is just as essential 
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to the equilibrium condition as that of the second. That his formula, contain- 
ing two arbitrary constants calculated from the experiments themselves, is 
capable of representing the results is not surprising, since the author claims 
for them an accuracy of only 5 per cent.— A variety of other cases of “ ter- 
nary mixtures” are considered, and mathematical expressions deduced for 
them, but the abstracter does not feel justified in discussing them in detail, 
as they appear to him utterly devoid of any real significance. 


Color Relations of Atoms, Ions, and Molecules. By M. Carry 
Lea. Am. J. Sct., 49, 357-374. — The author shows that the property of the 
elements of forming colored compounds or ions is a function of their atomic 
weights, inasmuch as the atomic weights of the elements possessing this prop- 
erty form a number of continuous series separated from each other by ele- 
ments with only colorless compounds. ‘This fact was long ago pointed out by 
Bayley (Phil. Mag. (5), 13, 34). The author regards the distinction of color 
as fundamental, and proposes a classification of the elements based upon it 
and upon their atomic weights, for which reference must be made to the origi- 
nal article. To the abstracter the classification seems very artificial. The 
proposition repeatedly stated by the author, that an atom has substantially the 
same color whether present in a molecule or an ion, is obviously incorrect, 
as is shown, for example, by a comparison of the colors of many anhydrous 
copper and cobalt salts with those of their dilute solutions, and most strik- 
ingly by the colors of the violurates (Wagner, Zéschr. physik. Chem., 12, 314). 


Argon, Prout’s Hypothesis, and the Periodic Law. By Epwin 
A. Hitt. Am. J. Sci., 49, 405-417. — The author discusses the atomic weight 
of argon, and contends that the specific heat ratio 1.66, indicating that the 
molecule is monatomic, deserves relatively little weight in comparison with 
the conclusion based on the Periodic Law, which clearly assigns to it an atomic 
weight of 20. He presents hypotheses to account for the fact that a diatomic 
molecule may possess no rotatory energy, and argues that the inactivity of 
argon can only be understood when it is assumed to consist of two or more 
firmly united atoms. (The author in several places confounds monatomic 
molecules with ions, overlooking the essential characteristic of the latter, their 
electric charges.) In conclusion the author suggests that the presence of 
argon as an impurity has vitiated previous determinations of the atomic 
weight of hydrogen, and that the ratio 1: 16, and therefore Prout’s Hypothesis, 
may still be correct. Morley’s complete syntheses entirely invalidate this sug- 
gestion, however. 


Reasons for Predicting the Existence of Argon. By C. J. Reep. 
J. Frankin Institute, 140, 68-76. — The author calls attention to the fact that 
in a paper read ten years ago before the St. Louis Academy of Science he pre- 
sented a system of arrangement of the elements according to their atomic 
weights and valence, from which he predicted the existence of elements with 
atomic weights 20 and 36. With the help of his system, which cannot be 
readily understood without the accompanying tables, he now predicts the 


existence of several other new elements with atomic weights, 4, 52, 84, 132, 
and 196. 


The Atomic Weight of Tungsten. By Epcar F. SmirH AND EnRIC 
D. Dest. J. Franklin Institute, 139, 290-294. — The method used consists in 
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the reduction of tungstic acid at a high temperature in a current of pure 
hydrogen, weighing the water thereby produced. From the ratio WO;:3H,0, 
the mean value of the atomic weight 184.70, with an extreme deviation of 
0.05 units, was obtained (0 = 16; H = 1.008). This value agrees well with 
that recently obtained by Pennington and Smith (184.90), but is higher than 
that of most previous investigators (184.0). The authors think that the tung- 
sten compounds hitherto employed were contaminated by molybdenum, an 
impurity which was completely removed by them by igniting the tungstic acid 
at 200° in a current of hydrochloric acid. 


A Comparison of the Dissociation Values Calculated from Sol- 
ubility Experiments and from the Electrical Conductivity. By 
ARTHUR A. NoYES AND CHARLES G. ABBoT. ‘This Quart., 8, 47-62. — In the 
case of the three pairs of salts, thallous chloride and sulphocyanate, chloride 
and bromate, and sulphocyanate and bromate, the solubility of each salt was 
determined at 40° in pure water and in the presence of an excess of the other 
salt. By means of the Nernst Laws of Solubility Effect, without any other 
assumption, the dissociation of the three salts was calculated, whereby two 
independent values were obtained for each salt corresponding to the two com- 
binations involving it. From the fact that these two values agree within the 
experimental error of about 1 per cent., it follows that the Solubility Laws 
are accurate within that limit up to the concentration investigated (0.03 molec- 
ular). ‘The electrical conductivity of the three salts in saturated solution 
and at extreme dilution was also determined, and the dissociation values cal- 
culated from these measurements were found to agree within about 1 per cent. 
with those deduced from the solubility experiments. The agreement of the 
results of these entirely independent methods strongly confirms the accuracy 
of the principles underlying them. The disagreement previously thought to 
exist is shown to have arisen from a false assumption in the calculation of 


the solubility values. 
PHYSICAL CHEMISTRY. 
H. M. Goopwin, ABSTRACTER. 


Some Notes on Molecular and Atomic Refraction. By W. F. 
Epwarps. dm. Chem. J., 17, 473-506. — In a previous paper (Am. Chem. /,, 


16, 625) the author proposed the formula ~—* 





= const., for the specific 


refraction of a substance where x is its index of refraction and d its density. 
The deduction was based on considerations of the difference of the velocity 
of light in free space and in matter. ‘The formula gave a sufficiently good 
“constant” for a number of liquids, although it increased slowly with the 
temperature. Change of state caused a large increase in its value, showing 
the formula to be less satisfactory than the z*-formula. The present paper !s 
a continuation of the above, and contains a very detailed comparison of the 
refractive constants of the liquids investigated by Landolt, Briihl, and others, 
as computed by Gladstone’s, Lorentz’s, and the above formula: The atomic 
refraction of hydrogen, oxygen, carbon, nitrogen, the halogens, and sulphur 
is recomputed for sodium light by all three formula. ‘The values differ 
somewhat from those usually accepted, owing partly to the value taken for 
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CH, and partly to the method by which the atomic refraction of hydrogen 
is obtained. In general the same stochiometrical relations already found for 
the older formule hold for the one here proposed. ‘That it possesses any 
superiority over the older formula, especially the #?-formula, does not appear 
from the results. The detailed nature of the-article does not permit of a 
more extended review. 


A New Apparatus for Determining Molecular Weights by the 
Boiling-Point Method. By H. B. Hite. Am. Chem. J., 17, 507-517.— 
The first part of the paper is devoted to a description of a number of devices 
and forms of boiling apparatus tried by the author, which for various short- 
comings have been for the most part discarded for an improved form which 
has given very satisfactory results for the past two years at Johns Hopkins 
University. The distinctive feature of this apparatus is the boiling flask, 
which is so constructed that the solution in the neighborhood of the ther- 
mometer bulb is heated by its own vapor. The thermometer is surrounded 
by a tube, the lower end of which is closed in such a way as to form a kind of 
inverted funnel or trap, perforated at the top by four small holes. Bubbles 
of vapor rising from the bottom of the boiling flask, in which the above de- 
scribed tube and thermometer are placed, collect in this trap and are forced 
to bubble up through the solution immediately surrounding the thermometer. 
Superheating is thus effectually avoided; and it was found that the thermom- 
eter remained practically constant even though the heat supply was increased 
three or four times. The apparatus has given unsatisfactory results only for 
water and heavy, high boiling liquids. ‘The results of several molecular weight 
determinations in alcohol and ether are of surprising accuracy, the computed 
and theoretical values agreeing within one or two per cent., and in one series, 
benzoic acid, within a fraction of a per cent. The apparatus has been put on 
the market by Eimer & Amend of New York. 


A New Apparatus for the Determination of Molecular Weights 
by the Boiling-Point Method. By W. R. Ornporrr anp F. K. Cam- 
ERON. Am. Chem. /.,. 17, 517-531. The authors, having encountered difficul- 
ties in the use of the ordinary forms of Beckmann’s boiling-point apparatus 
with high boiling solvents, chiefly owing to the action of the solvent on the 
rubber or cork stoppers, and also to the excessive time required for the ther- 
mometer to set, have devised the following simple form of apparatus, with 
which these difficulties are for the most part overcome. The boiling flask is 
the outer jacket of a Victor Meyer vapor density apparatus, cut off about 30cm. 
in length, and containing 30-40 grams of scrap platinum etched with agua 
regia to facilitate boiling. A large bulb Beckmann freezing-point thermom- 
eter and straight condenser tube are fitted by means of a cork or rubber stop- 
per into the neck of the flask. The thermometer is continually tapped on the 
top by an electric hammer to facilitate the settling of the mercury. To pre- 
vent condensation of the liquid at the top of the flask, a strip of wire gauze 
4 cm. wide is tightly wound around the neck of the flask about two thirds the 
way up. This is in metallic connection with an iron stand, and conducts and 
radiates sufficient heat from the flask to prevent condensation above this 
point. The error arising from the aneroid effect of a large bulb thermome- 
ter is small, as the thermometer “sets” itself within two or three minutes 
after the substance is introduced. A whole series of measurements can thus 
be made easily in half an hour. Molecular weight determinations of a num- 
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ber of substances in carbondisulphide, chloroform, benzene, toluene, pyridine, 
ethylenebromide, anisol, phenetol, and naphthalene are given. The apparatus 
as described appears to the abstracter to have one disadvantage, namely, in 
requiring so large a quantity (100-200 grams) of solvent and a correspond- 
ingly large amount of dissolvéd substance; this would be a serious objection 
to its use in the case of many difficultly obtainable organic compounds, 


Some Physical Aspects of the New Gas Argon. The Ideal 
Thermometrical Substance for High Temperatures. By W. R. 
Quinan. /. Am. Chem. Soc.,17, 477-483. — The objection is raised to the use 
of the ordinary gases in air thermometers for high temperature measurements 
that, being diatomic, they may at these temperatures become dissociated. 
Argon, on the other hand, being monatomic and incapable of dissociation, is 
at high temperatures an ideal thermometric substance. With it the author 
thinks we may be able to detect and measure at high temperatures dissocia- 
tion of the so-called permanent gases and attack problems at present beyond 
our reach. That argon may not yet prove to be a diatomic gas, with its atoms 
very firmly bound together, appears to the abstracter by no means certain. 
The question of its atomic weight cannot as yet be regarded as definitely set- 
tled. It would, therefore, be very interesting to subject argon to the experi- 
ments of Le Chatelier on the specific heat of gases at constant volume, If 
monatomic, its specific heat would probably be independent of the tempera- 
ture up to very high temperatures 2,000°-3,000°. At these temperatures the 
specific heat of the permanent gases, on the other hand, is known to increase. 
Even armed with this new instrument of research, the abstracter cannot feel as 
sanguine as the author of a new epoch of activity and triumphs for the kinetic 
theory. While difficulties necessarily arise in the application to special cases 
of laws of such generality as those of energetics, yet the triumphs won in the 
last few years by their application, while the kinetic theory has lain dormant, 
leave little room for questioning the relative power of the two methods. 


On the Vapor-Tensions of Mixtures of Volatile Liquids. By 
C. E. Lineparcer. /. Am. Chem. Soc., 17, 615-652; 690-718. — ‘The author 
points out that simple stochiometric relations are most likely to be discov- 
ered in this complex chapter of solutions by the use of miscible liquids not 
liable to “association” and by the determination of the partial vapor pres- 
sure of each component in the vapor mixture. The method employed con- 
sisted in passing a known volume of dry air through the mixture, and measur- 
ing the total amount of liquid vaporized and the amount of one constituent of 
the vapor. This was done by choosing in all cases one of the liquids an acid 
or a halogen or sulphur compound, the acid being determined by absorption in 
a bulb containing alkali, and the halogen or sulphur by a combustion. For 
details of the method, the sources of error of which are fully discussed, refer- 
ence must be made to the original. Experiments on pure liquids showed the 
method to give very satisfactory results, agreeing within 1 mm. with previous 
determinations when the vapor pressure was not over 100 mm. For more 
volatile liquids the method was less satisfactory. The vapor pressures of the 
following mixtures were measured at 34.8°. (1) Monochlor- and monobrom- 
benzene in benzene and toluene; (2) Chloroform in benzene and toluene ; 
(3) Carbontetrachloride in benzene and toluene; and (4) Nitrobenzene in 
carbontetrachloride. In a// cases the total vapor pressure of the mixed liquids 
was greater than the tension of the less volatile and less than that of the more 
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volatile ; and the partial pressure of each component was less than its vapor 
pressure in a state of purity. Group (1) showed the simplest relations, both 
the partial pressures and the total pressure being linear functions of the rela- 
tive molecular composition of the liquid mixture. This was true in (2) and 
(3) of the partial pressures only of benzene and toluene; the curve for the 
other constituent as well as for the total pressure was for the mixtures in (2) 
concave to the theoretical linear curve, and for those in (3) partly concave 
and partly convex, possessing a point of inflection for a concentration of about 
sixty. The partial pressure curve of the carbontetrachloride in (4) does not 
differ much from the total pressure curve, as the second constituent is nearly 
non-volatile. Some calorimetric measurements were also made of the heat 
evolved on mixing the liquids considered in groups (1) and (2). This was 
found to be practically zero for the liquids in the former group, but quite ap- 
preciable for those in the latter. These results are in agreement with the 
thermodynamical deductions of Kirchhoff and others. Finally, experiments 
were made on the vapor pressure of an associated liquid, acetic acid, in ben- 
zene and toluene. The partial pressure was found to be a linear function of 
the concentration and independent of the nature of the solvent. Based on 
this, and the fact that the partial pressure curves of benzene and toluene are 
linear for all solutions, the author shows how the molecular weight of acetic 
acid may be obtained for any concentration, and also for the pure acid itself. 
This was found to be 240 at 35° and 244 at 25°. The method is suggested as 


one of general application for the determination of the molecular weight of 
liquids at any temperature. 


On Some Relations between Temperature, Pressure, and Latent 
Heat of Vaporization. ByC.E. Lineparcer. Am. /. Sci., 49, 380-396. — 
Under this title the author gives in Part I a brief historical account of the 
most important papers, both theoretical and experimental, bearing on the rela- 
tion between temperature, pressure, and latent heat of vaporization. It is 
pointed out that “Trouton’s”’ law, stating that the molecular heat of vaporiza- 
tion is proportional to the absolute temperature at which vaporization takes 
place, was formulated eight years previously by Pictet, and also by van der 
Waals. —In Part II are tabulated the latent heat (p), temperature, pressure, 


molecular weight (), and value of P for over one hundred liquids, followed 


by a discussion of the relative reliability of the determinations. —In Part III 
Trouton’s law is discussed in the light of the preceding results. It is found 
that, rejecting results on alcohols, acids, and nitro compounds, as well as on 


water and acetone, the expression “P gives a very good constant, the mean 
7 


value of which for about seventy liquids is 20.70. For the following classes of 
compounds the constants found are: for elements and inorganic compounds, 
20.41; for hydrocarbons, 20.19; for halogen compounds, 20.63; for esters, 
20.87. For water and the alcohols the constant is considerably greater (ap- 
proximately 26.0), while for certain of the organic acids it is abnormally small 
(about 13.0). These anomalies the author explains on the assumption of asso- 
ciation of the liquid molecules in the former case, and association of the vapor 
molecules in the latter. He bases, in fact, a new criterion for the judgment of 
the degree of association of a liquid or vapor on the deviation of Trouton’s 
constant from its mean value 20.7 for normal liquids. Thus the molecules of 








Se En 


1 
i 
i 








312 Review of American Chemical Research. 





nitromethane and nitroethane should be associated, a conclusion borne out 
in the case of the latter by Ramsay’s and Shields’s measurements on surface 
tension.—In Part IV a formula is derived by means of which the variation in 
boiling point with the pressure may be calculated approximately when the 
latent heat of vaporization of the liquid is unknown. Eliminating p and v 


from the well-known equation SF ie _ by means of Trouton’s law 
a7 Z'v 
iat a ee Pi aie 
(up = CT) and Boyle’s law, the equation —— = -——— results. The 
dp 380 C 


value of C to be taken in the calculation depends, evidently, on the class of 
compounds to which the liquid under consideration belongs. For normal 
liquids an accuracy of 1 or 2 per cent.’may be hoped for, but for associ- 
ated liquids (or vapors) the chance for error in the value of C is so great that 
only roughly approximate results can be obtained. 


On the Electrolytic Conductivity of Concentrated Sulphuric 
Acid. By Dr. K. E. GurHe anp L. J. Briccs. Physical Review, 3, 141- 
151.— The conductivity of solutions of this acid varying in strength from 
73.88 per cent. to 97 per cent. were measured at temperatures from o° to 30°, 
The method employed differed from the usual Kohlrausch method in that an 
alternating current from a two-phase dynamo and an electrodynamometer as 
indicating instrument, were used. The results show a minimum molecular 
conductivity at a dilution of v = .0641, independent of the temperature, 
This corresponds to a percentage composition of 84.6, ¢.¢., very nearly to the 
hydrate H,SO,-++ HO. The minimum becomes less pronounced with rising 
temperature, thus confirming the results previously obtained by Kohlrausch 
and others. The specific conductivity of H,SO,-+- H,O both in the liquid 
and solid state was also measured. A slight discontinuity was found in pass- 
ing from one state to the other. That such a discontinuity really exists 
seems to the abstracter doubtful, especially as the temperature coefficient in 
the neighborhood of the melting point is enormous. Graetz’s observations 
on fused electrolytes show no discontinuity in the conductivity at the melting 
point, although the temperature coefficient was found, as above, to be large. 
Throughout the article the authors have confounded molecular with equiva- 
lent volumes and conductivity, the results given being expressed in terms of 
the latter and not of the former as stated. That molecular conductivities 
should be referred to molecular concentrations (or volumes) and not to per- 
centage concentrations has long been recognized. 


Preliminary Table of Solar Spectrum Wave Lengths VI. By 
Henry A. Rowand. Astrophysical J., 1, 295-304, 377-3923 2, 45-54; 
109-119; 180-197. — The above articles are a continuation of previous tables 
(this Quart., 8,94). The wave lengths given in these references extend from 
4266.233-5429.186. 


INORGANIC CHEMISTRY. 


H. P. TALBOT, ABSTRACTER. 
’ 


Sulphiodide of Lead. By Victor Lenuer. /. Am. Chem. Soc., 17, 
511-513. — When hydrogen sulphide is added to a solution of lead iodide, 
with an excess of potassium iodide, a brick red precipitate forms, which 
changes rapidly on further addition of the gas through dark red and brown 
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to black. By the use of sulphuretted hydrogen water the red precipitate was 
obtained, filtered, washed successively with potassium iodide solution, céld 
water, absolute alcohol, carbon bisulphide, and again with absolute alcohol, 
and dried in a current of cold air. The iodosulphide i is decomposed into lead 
iodide and lead sulphide by heat, acids, alkalies, or long exposure to light. 
The results of analyses (the methods employed are stated) approximate those 
required by the formula PbS.4Pbl,. 


The Tungstates and Molybdates of the Rare Earths. By FannyR. 
M. Hircucock. /. Am. Chem, Soc., 17, 483-494 and 520-537. — The conclu- 
sions from the results of a large number of experiments, the details of which 
are carefully stated in the article, are the following: The tungstates and 
molybdates are precipitated quantitatively by nearly all the rare earths, and a 
separation of the two acids by this means is impracticable. Since molybdic 
acid is thrown down by uranyl solutions when tungstates are present, although 
not precipitated by these solutions when alone, no separation can be effected 
by that method. The tungstates and molybdates of the rare earths are rela- 
tively insoluble bodies ; those of neodymium and prasodymium are repre- 
sented by the symbols Nd, o(Mo0O,)s, Nd,(WO,);, and Pr2(MoOQ,)s, Pre 2o( WO,)s. 
The problem of the separation of tungstic and molybdic acids from the 
oxides of the rare earths has not yet been satisfactorily solved. 


Note on the Purification of Glucinum Salts. By Epwarp Hart. 
J. Am. Chem. Soc., 17, 604-605. — The author separates the glucinum from 
iron and aluminum by conversion into sulphates, and the addition of potas- 
sium, which separates the greater portion of the aluminum as alum by crystal- 
lization. ‘The remainder of the aluminum, with all the iron, is removed by the 
cautious addition of sodium carbonate. The glucinum still remains in solu- 
tion asa basic sulphate at the slight degree of acidity which admits of the 
precipitation of the other metals named. 


The Action of Phosphorus Pentachloride upon the Dioxides 
of Zirconium and Thorium. By Epcar F. SmirH anp Harry B. Harris. 
J. Am. Chem, Soc., 17, 654-656. — Phosphorus pentachloride is found to act 
upon zirconium dioxide at 190° C. when heated together in sealed glass tubes 
from which the air has been exhausted. When distilled in an atmosphere of 
chlorine the product is crystalline, and is found to correspona to zirconium 
tetrachloride in composition. Under similar conditions, but at a tempera- 
ture of 240°, thorium dioxide yields thorium tetrachloride. 
any double compound containing phosphorus was found. 


No evidence of 


Action of Hydrochloric Acid Gas upon Salts of the Elements 
of Group V of the Periodic System. By Epcar F. Smiru anp Jos. G. 
Hises. /. Am. @em. Soc., 17, 682-686. — It is found that when sodium nitrate, 
sodium pyroarsenate, magnesium pyroarsenate, and lead arsenate are sub- 
jected to an atmosphere “of hydrochloric acid gas, with gentle warming, the 
acid constituent is entirely replaced, leaving only the chloride of the metal, 
while under the same conditions sodium py rophosphate remains unaltered. 
It is possible to utilize this fact for the separation of arsenic and phosphoric 
oe The exact form in which the arsenic is volatilized is uncertain, and 
will be the subject of further investigations, as well as the action of the halo- 
gen acids upon vanadates, nitrates, arsenates, and phosphates. 
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The Action of Haloid Acids in Gas Form upon the Salts of 
Elements of Group V of the Periodic System. By Epcar F. Smitx 
AND Frep L, Meyer. /. Am. Chem. Soc., 17, 735-739.— Sodium nitrate, 
when subjected to the action of hydrofluoric acid gas in an iron tube, loses 
all of its acid constituent with the formation of sodium fluoride, while sodium 
phosphate is unaltered, and vanadates and arsenates are only partially decom- 
posed. — Hydrobromic acid converts the nitrates and arsenates to bromides, 
partially volatilizes the vanadic acid with the probable formation of oxybro- 
mides of vanadium, and fails to attack the phosphates. A separation of 
arsenic and phosphoric acids is possible through the use of hydrobromic acid 
gas. — Hydriodic acid replaces nitric and arsenic acids, while phosphates are 
unaltered. It has been further found that antimonates are decomposed by 
hydrochloric acid gas, columbium yields volatile products with hydrochloric 
acid and hydrobromic acid, tantalum is but slightly acted upon by hydro- 
chloric acid, but both the oxides of tantalum and columbium are volatilized 
by hydrofluoric acid. Bismuth and didymium have not yet been studied in 
this connection. Compare the preceding abstract. 


Uranium Oxynitride and Uranium Dioxide. By Epcar F. Smiru 
AND T. MERRITT MaTHEws, /. Am. Chem. Soc., 17, 686-688. — By heating 
uranyl chloride (UO,Cl,) in a current of dry ammonia a dull black residue 
was obtained, which contained nitrogen but no chlorine, and reduced silver 
nitrate to metallic silver. Uranium and nitrogen determinations pointed to 
the symbol U,,N,O.;. Other experiments show that the composition of the 
product varies with time and temperature of exposure. — Uranium dioxide was 
prepared from the oxide U;O, by mixing with a large excess of dry ammonium 
chloride in a Hessian crucible surrounded by charcoal, and submitting the 
crucible to a white heat for six hours. 


A Study of the Chemical Behavior of Ammonia toward Fer- 
ric Chloride and Ferrous Chloride. By ALrrep S. MILLER. Am, 
Chem. J., 17, §70-578.— The author finds that ferric chloride when exposed 
at laboratory temperatures to an atmosphere of ammonia will absorb six 
» molecules, forming the compound FeCl;.6NHs, which is insoluble in water, 
does not deliquesce, and from which the chlorine and ammonia can be re- 
moved by washing. It is gradually dissociated between 100°C. and 280°C., 
with the formation of ammonium chloride, and is entirely dissociated at the 
latter temperature. It absorbs chlorine with the evolution of heat. Ferric 
chloride will hold five molecules of ammonia at ordinary temperatures in 
a dry atmosphere; it becomes FeCl;.4NH, at 100°C, — Ferrous chloride 
absorbs six molecules of ammonia at laboratory temperatures, and this com- 
pound oxidizes very readily. At 100°C, the compound becomes FeCl,.2NH3. 
No evidence was found that ammonia is able to reduce ferric chloride at 
any temperature. * 


On Some Compounds Containing Lead and Extra Iodine. By 
H. L. Weis, Am. J. Sci., 50, 21-26. — The author has isolated and re- 
investigated the compound s5Pb(CH;CO,)s.3KI.61 previously prepared by 
Johnson (/. Chem. Soc., 33, 189), and the compound PbI,.PbO.31.H,O pre- 
pared by Groger (Monatsh. Chem., 13, 510). He has established the sym- 
bols as stated, but finds no relation between these compounds, nor of either 
to the compound 2PbI2.3KI.1.4H,O, which he had previously prepared (Am. 
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J. Sci. 46, 190). In none of them is there to be found any evidence of the 
existence of lead tetraiodide. Classen and Zahorski have prepared a salt in 
which quinoline takes the place of the alkali metal in the preceding, to which 
they assign the symbol (Cy)H;NH).PbI, (Zéschr. anorg. Chem., 4,107). In this 
the lead appears to exist as tetraiodide. 


On the Double Salts of Czsium Chloride with Chromium Tri- 
chloride and with Uranyl Chloride. By H. L. WELLs anp B. B. Bott- 
woop. Am, J. Sci., 50, 249-252. — Two double salts of cesium and chro- 
mium were prepared. One of these, 2CsCl.CrCl3.H,O, is violet in color, stable 
in air, and does not lose water at 160°. It forms a green solution from which 
the salt 2CsCl.CrCls.4H,O is deposited, at ordinary temperatures, as green 
crystals. These crystals are deliquescent and stable over sulphuric acid, 
but lose three molecules of water at 110°, changing to the violet salt. The 
composition of the violet salt corresponds to the series of double salts 
prepared by Neumann (Aan. Chem., 244, 329).— One double compqund of 
cesium and uranium only could be formed. This crystallized as yellow 
blade-like crystals of the composition 2CsCl, UO.Cl,. 


Reaction of Sodium Hyposulphite on Mercurous Chloride. By 
Cc. H. Lewis. Bull. Missouri Min. Club, 1, 10. — The reaction between 
these two salts is supposed by the author to take place in this way: 


2HgCl + NagSeO3 + H2O = HgeS + 2NaCl + HeSO4. 
Very little experimental evidence is offered in confirmation of this reaction. 


H. Fay. 


ANALYTICAL CHEMISTRY. 
H. P. TALBOT, ABSTRACTER. 


On the Determination of Small Quantities of Phosphoric Acid 
by the Citrate Method. By E. G. Runyan anp H. W. Witey. /. Am. 
Chem. Soc., 17, 513-517. — The authors find that a satisfactory agreement can 
be obtained between the citrate method and the molybdenum method of the 
Association of Official Agricultural Chemists, when the percentages of phos- 
phoric acid in natural rock phosphates exceed 5 per cent. When the per- 
centages are lower than that amount (and frequently when they are less than 
10 per cent.) it is advisable to add sufficient phosphoric acid to bring the 
total percentage up to 1s per cent., or above. ‘The solution of phosphoric 
acid added may be made from pure phosphate rock or pure phosphate salts. 
The authors claim that the citrate method is more rapid and less expensive 
than the official method. They have not yet tested its applicability to natu- 
ral iron and aluminum phosphates. 


A New Table for the Qualitative Separation of the Metals of 
the Iron Group. By C.L. Hare. /. Am, Chem. Soc. 17, 537-539. — The 
scheme proposed differs from the customary methods of separation at two 
points, the oxidation of chromic oxide to chromic acid by means of hydrogen 
peroxide, and the separation of cobalt and nickel by means of sodium sul- 
phige. In the scheme submitted the hydrates of iron, chromium, and alumi- 
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num are thrown down by ammonia (with ammonium chloride), and these 
hydrates are treated first with hot sodium hydrate to remove the aluminum, 
and then with hydrogen peroxide, the chromium passing into the filtrate from 
the iron as sodium chromate.— The sulphides of cobalt and nickel, isolated 
according to the usual procedure, are dissolved in agua regia, the excess of 
acid expelled, and some tartaric acid and a large excess of sodium hydrate 
added. If hydrogen sulphide be passed into this solution to complete pre- 
cipitation, the cobalt will all be found in the precipitate and the nickel in the 
filtrate, from which it can be separated by dilute hydrochloric acid. The usual 
confirmatory tests are used. 


The Determination of Nitrogen in Fertilizers Containing Ni- 
trates. By H.C. SHERMAN. /. Am. Chem. Soc., 17, 567-576. — The author 
states in detail his experiences with fertilizers containing nitrates, and nitrates 
with chlorides. The results of his work seem to warrant the statements that 
for fertilizers containing little or no chlorides the official methods are reliable 
if closely followed; that the modified Kjeldahl method (with zinc dust) should 
be used with fertilizers containing chlorides in considerable quantity, the acid 
mixture being cooled before its addition to the substance, and digested for 
some time before the addition of the zinc dust; that to determine high per- 
centages of nitrogen as nitrates by the Gunning method it is necessary to 
continue the boiling for some time after the liquid is colorless, or to use 
potassium permanganate to complete the action. 


Electrolytic Separations. By Epcar F. Smitu anp Danie L. Wat- 
LACE. /. Am. Chem. Soc., 17, 612-615.— From a series of experiments made 
to determine the influence of increased temperature upon electrolytic separa- 
tions in cyanide solution, the authors find that mercury can be separated from 
cadmium, zinc, nickel, and cobalt at 65° C. in from three to three and a half 
hours, with a current representing from 0.02 to 0.08 ampere units per minute, 
for 100 sq. cm. of electrode surface; gold can be separated from cobalt, arsenic, 
copper, zinc, and nickel at 65° C. in about three hours, the current represent- 
ing 0.1 ampere; silver can be separated from zinc, nickel, and cobalt in three 
hours, with acurrent showing 0.04 ampere. ‘The metals deposited were free 
from impurities. It was found that while cadmium may be completely depos- 
ited from its double cyanide solution in the cold, it is not possible to bring 
this about at the temperature employed, 65° C. 


The Electrolytic Determination of Ruthenium. By Epaar F. 
SMITH AND Harry B. Harris. /. dm. Chem. Soc., 17, 652-654. — The ruthe- 
nium was brought into solution as ruthenium potassium chloride, made from 
the metal by fusion with potassium nitrate and hydroxide, and crystallization. 
The platinum dish was coated on its inner surface with copper. When the 
double salt is mixed with sodium acetate and subjected to a current of 0.01- 
0.05 amperes per 100 cm.’ of electrode surface, the ruthenium is thrown out as 
a dull black deposit, tending to become spongy. If, however, about 1 gram 
of disodium phosphate and 1 cc. of phosphoric acid were added to a solu- 
tion containing 0.04 gram of ruthenium, the deposit was steel-like and bright, 
without any indication of sponginess. It was washed with warm water and 
absolute alcohol. About six hours are necessary for precipitation. The sepa- 
ration of o.o1 gram of ruthenium from o.1 gram of iridium was successfully 
accomplished in the presence of sodium phosphate and phosphoric acid with 
a current of o.o1 ampere. 
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Separation of Iron from Beryllium. By ELizaserH A. ATKINSON 
AND Epcar F. Smit. J. Am. Chem. Soc., 17, 688-689. — ‘The separation of 
iron from beryllium was effected by the use of nitroso-8-naphthol solution, 
which was added to the cold solution of the two metals. After twelve hours 
the separation of the iron was complete and satisfactory. It was found that 
neither the salts of uranium, cerous salts, nor the nitrates of lanthanum- 
ammonium, presodymium, neodymium, terbium, erbium, nor the molybdate 
or tungstate of sodium would yield precipitates with the nitroso-8-naphthol. 
Zirconium chloride gave an orange precipitate, and ceric ammonium nitrate 
a scarlet precipitate, which was not complete. 


Warning Against the Use of Fluoriferous Hydrogen Peroxide 
in Estimating Titanium. By W. F. HILLEBRand. /. Am. Chem. Soc., 17, 
718-719. — The author points out that the presence of ven a minute quantity 
of hydrofluoric acid in the hydrogen peroxide employed in Weller’s method is 
fatal to accuracy. Hydrofluosilicic acid is almost equally harmful. 


On the Determination of Formic Acid by Titration with Potas- 
sium Permanganate. By Harry C. Jones. Am. Chem. /., 17, 539-541-— 
The author finds it advisable to add an excess of standard potassium perman- 
ganate solution to the warm solution of formic acid which has been made 
alkaline by sodium carbonate. The alkaline solution is then acidified with 
sulphuric acid, and a measured quantity of an oxalic acid solution is run in 
until both the precipitated oxide and the permanganate are reduced. ‘The 
excess of oxalic acid is then titrated for with permanganate. A volume of 
the oxalic acid solution equal to that originally measured out is also titrated 
with the permanganate solution. From these data the amount of formic acid 
can be calculated. It was found impracticable to determine oxalic acid and 
formic acid in the same solution by titration with the permantanate, as pro- 
posed by Saint-Gilles. (Amn. chim. phys. (3) 55, 374-) 


The Estimation of the Halogens in Mixed Silver Salts. By 
F, A, GoocH AND CHARLOTTE FAIRBANKS. Am, /. Sct., 50, 27-32. — A com- 
parison of the various published methods for the estimation of the balogens 
in mixed silver salts led the authors to adopt that of Kinnicutt (4m. Chem. /,, 
4, 22), with some modifications. ‘The asbestos (Gooch) filter in a platinum cru- 
cible is employed to collect the salts, the asbestos being covered with a perfo 
rated platinum disc to secure perfect conductivity. After washing and drying, 
the silver salts are fused by placing the crucible on an anvil and directing a 
small blowpipe flame on the upper part. A 10 per cent. solution of oxalic 
acid in 25 per cent. alcohol is substituted for the sulphuric acid of Kinnicutt’s 
process when bromine and chlorine are present, or a mixture of ammonium 
acetate, alcohol, and aldehyde, if iodine be present. By the action of the 
current metallic silver is deposited, which is washed, dried, and ignited in 
the crucible. It was shown that, under the conditions given, the platinum 
was not appreciably attacked by the liberated halogens. 


The Determination of Selenious Acid by Potassium Perman- 
ganate. By F. A. Goocu anp C, F. Clemons, Am. /. Sci... 50, 51-54.— 
l'o effect the determination of selenious acid by permanganate, the solution 
should contain not more than 5 per cent. of strong sulphuric acid at the start. 
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The permanganate is added in excess, then a standard solution of oxalic acid 
until the liquid clears, after which the excess of oxalic acid is titrated for by 
permanganate at a temperature not exceeding 50-60°C. The permanganate 
and oxalic acid must be standardized under the conditions just named. The 
selenious acid is not capable of reducing the manganese to manganous oxide 
even in acid solution. 


The Precipitation and Gravimetric Determination of Carbon 
Dioxide. By F. A. Goocn anp I. K. PHetps. Am. /. Sci., 50, 101-103. — 
The carbonic acid is absorbed by a solution of barium hydrate, in a special 
form of apparatus, and the barium carbonate removed by filtration, with the 
use of a layer of xylene to exclude the carbon dioxide of the atmosphere. 
The carbonate is subsequently dissolved in acid and the barium precipitated 
as sulphate. For the getails of the method and the description of the appa- 
ratus reference must be made to the original paper. 


The Reduction of the Acids of Selenium by Hydriodic Acid. 
By F. A. Goocu anp W. G. ReyNnoLps, Am. /. Sci., 50, 254-258. — Com- 
menting upon the method of Muthmann and Schaefer (Ber., 26, 1,008) for the 
determination of selenious acid by reduction by means of hydriodic acid, 
the authors note that if the reduced selenium be removed by filtration ona 
Gooch filter the end-point of the iodine reaction is unimpaired ; but they note 
further that some iodine remains in combination with the selenium. The reac- 
tion is carried nearer completion if the iodine be removed by distillation and 
subsequently determined by titration both in the distillate and the residual 
liquid. When conducted in this way the process is satisfactory for amounts 
of selenious acid up to 0.2 gram; above that amount it is uncertain. Selenic 
acid may also be determined by this process. 


A Review of Some Recent Applications of the Nitrometer. 
By THEODORE W. FRIEND. Proc. Eng. Soc. W. Penn., 11, 191-206, — The 
paper reviews earlier processes involving the use of the nitrometer, and gives 
the results of some experiments to determine the accuracy and applicability 
of methods involving the decomposition of hydrogen peroxide, and the meas- 
urement of the evolved oxygen, in the determination of caustic soda, caustic 
potash, caustic lime, potassium chromate, and potassium permanganate, The 
paper presents no new facts. 


The Citrate Method of Phosphoric Acid Determination with 
Special Reference to Insoluble Phosphates. By F. Bercami. /. Frank- 
lin Inst., 140, 139-152. — The author finds that with phosphates ranging 
from 20 to 35 per cent. of phosphoric acid the citrate method gives results 
agreeing with the molybdate method, if 75 cc. of the citrate solution (Maer- 
ker’s) are added for 0.2 gram of substance, or 75-100 cc. for 0.4 gram. For 
phosphates containing less than 20 percent. of phosphoric acid, 50-75 cc. 
of the citrate solution should be used for 0.4 gram of substance. It is found 
that the citrate solution retards the precipitation of the magnesium compound 
to some extent, and that either some time must be allowed for its separation, 
or the stirring must be continued for half an hour. The precipitate is very 
finely divided, and requires the use of two filters for its complete separation. — 
The phosphates examined contained only small quantities of iron, alumina, 
or silica, As applied to these cases the author considers the citrate method 
reliable, 
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A Method for Determining Sulphur in Roasted Sulphide Ores. 
By Harry F. KELLER AND PuHiLip Maas. /. Franklin Inst., 139, 286-289. — 
The roasted ore is fused in a nickel crucible with to-12 parts of caustic 
potash (from alcohol) and subsequent addition of two parts of sodium 
peroxide. The fused mass is dissolved in water, acidified, and the sulphuric 
acid either precipitated as barium sulphate and weighed as such, or the solu- 
tion is made alkaline with ammonia, barium chloride added in excess, and the 
excess determined by titration with potassium bichromate. The results of 
analyses presented are satisfactory, and it is claimed that the volumetric 
method may be completed in thirty minutes. 


H. Fay, ABSTRACTER. 


The Determination of Phosphorus in Coal and Coke. By J. 
LYCHENHEIM. Zrans. Am. Inst. Min. Eng., 24, 66. — The author, while 
endeavoring to find a rapid and accurate method for determining phosphorus 
in coal and coke, tried the various methods suggested which involve the fusion 
of the residue left after burning off the carbon, with an alkaline carbonate and 
potassium nitrate. He found, however, that it was not necessary to fusé the 
residue, but “that the phosphorus was almost completely soluble in hydro- 
chloric acid and only a trace was left in the residue.” To burn off the car- 
bon rapidly he uses platinum boats 2 inches square and $4 inch deep. The 
residue is transferred to a 5-inch casserole and treated with 40 cc. of strong 
hydrochloric acid and evaporated to 1occ.; 4o0cc, of nitric acid (1.42) are 
then added and evaporated to 20 cc. The phosphorus is then precipitated 
with ammonium molybdate and determined, as usual, by the Emmerton method’ 
In the discussion of this paper (p. 862), G. L. Norris confirms the work of 
Lychenheim, and recommends the addition of a few drops of hydrofluoric 
acid in dissolving the residue, stating that all the phosphorus may be obtained 
in this way. 


Determination of Tungsten. By F.Cremer. ug. Min. /.,59, 345.— 
For the determination of tungsten in an ore or a metal o.5 gram is fused 
in a porcelain crucible with about 6 grams of potassium pyrosulphate, first 
at low heat, then’ for one half hour at a high temperature. ‘The fused mass is 
dissolved in 100 cc. of boiling hydrochloric acid (sp. gr. 1.056). Most of the 
tungstic oxide will be in suspension. The solution is then poured into a No. 3 
beaker filled with water and kept boiling. A few cubic centimeters, of a con- 
centrated cinchonin solution in hydrochloric acid are then added. ‘The solu- 
tion is boiled a few minutes, allowed to settle, and filtered by suction. The 
precipitate, being washed with water containing a little cinchonin, is dried, 
ignited, and weighed. It is then dissolved in ammonia, boiled, filtered, and 
weighed again. The difference in weight is WO;. For other than commercial 
analysis the filtrate is allowed to stand 48 hours. In ferro-tungsten the por- 
tion insoluble in hydorchloric acid is fused and treated as just described. 


TECHNICAL CHEMISTRY. 
F. H. THorp, ABSTRACTER. 


The Decarbonization of Bone-Black. By W. D. Horne. / Am. 
Chem. Soc., 17, 503-510. — The author gives at some length the causes of de- 
terioration of used boneblack and an account of laboratory and factory ex- 
periments to determine the value of Moriz Weinrich’s method of revivifying 
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used char by partial decarbonization. The results of his experiments led 
him to the conclusion that decarbonized char is in many respects nearly equal 
to new char. But the chief value of the process lies in the possibilities it 
affords of preventing the boneblack from getting into bad condition. 


On Condensation, and Especially on the Condensation of Ni- 
tric Acid. By Epwarp Harr. /. Am. Chem. Soc., 17, 576-579. — The 
author describes his new form of condenser especially adapted to the con- 
densation of nitric acid vapors. The apparatus is made of glass and stone- 
ware, and is placed above the brick arch covering the retort, thus occupying 
little or no additional floor space. It may be so regulated that the condens- 
ing water is entirely evaporated, thus securing great efficiency with small con- 
sumption of water. The apparatus is simple, easily repaired, and needs so 
little attention that one man can run several retorts. 


Some Points in the Distillation of Nitric Acid. By Epwarp 
Hart. /. Am. Chem. Soc., 17, 580-584.— Particular attention is given by 
the ‘author to the source of the nitrogen peroxide produced, which often 
colors the product and means a loss of nitric acid to the manufacturer. He 
concludes that part of the nitrogen peroxide is formed by prolonged heating 
of the acid vapors, and that the more rapidly the vapors pass out of the retort 
and are condensed the lighter colored will the product be. Use of toncen- 
trated vitriol and dry niter results in deeply colored acid. ‘The opinion of 
acid makers, that the color is due to the action of the acid on the iron retorts, 
is thought to be partially true, owing to the imperfect heating of the retort 
ends. Impurities in the materials may also contribute to the color. When 
weak vitriol is used the water remains in the cake until the final step in the 
process, and the acid made is very good.— Frothing is due to the dehydra- 
tion of the acid sulphate of sodium produced. — The rate of distillation was 
studied and found very rapid, almost explosive, in fact ; for, a short time after, 
about three tenths of the total acid had distilled. ‘This may explain the diffi- 
culty acid makers sometimes have in properly condensing the vapors. Ber- 
thelot has shown that strong nitric acid decomposes at 360° into nitrogen per- 
oxide, oxygen, and water. The temperature in a retort surrounded by fire 
gases probably exceeds 100° considerably, and the author thinks it not strange 
that the first distillate should have a deep color. A recent experiment, in 
which cast iron was immersed in the acid and nitrate mixture, showed no 
increase of color in the first distillate. 


Adulterated Portland Cement and Blast Furnace Slag. By A. D. 
Expers. Lng. Min. J., 60, 8.— The author gives his theories concerning the 
composition and hardening properties of cement ‘and the probable effect of 
adding blast furnace slag to cement. 


The Fixation of Atmospheric Nitrogen and the Manufacture 
of Cyanides and Ammonia. By Francis Wyarr. Lug. Min. /., 60, 
124.— This article is merely a résumé of the various attempts made in the 
past to produce cyanides and ammonia synthetically, with particular consid- 
eration of the patented process of Thomas B. Fogarty (Pat. Nos. 500,650 and 
500,651). There appears to be some uncertainty concerning the overcoming 
of certain difficulties in the mechanical details of the furnace used in his 
process. 
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The Purification of Boiler Feed Waters. By Francis Wyatt. 
Eng. Min. J., 60, 220. — This is a short summary of the various methods for 
removing “temporary” and “permanent” hardness in water. , The use of 
bichromate of soda within the boiler, as a precipitant, is recommended and 
its action shown by reactions, The fact that bichromate of soda will not pre- 
cipitate calcium chromate in the presence of free chromic acid at ordinary 
atmospheric pressure is claimed to be no objection to its use, for, under the 


pressure within the boiler, the precipitation takes place and the sediment can 
be blown out from the boiler. 


The Manufacture of Paving Brick in Central Iowa. By L. Bat- 
uieT. Lng. Min. J, 60, 252.— This article, chiefly of commercial interest, 
contains a short table of tests made on paving brick by the author, showing 
the increase in weight, when wet, of bricks from several yards. 


A compari- 
son of several forms of kilns is also given. 


A New Method of Tannin Determination. ByG.K.Kerr. Leather 
Manufacturer, 5, 115.— The hide-powder method having proved somewhat 
unsatisfactory, the author searched for a substitute, and found the curious fact 
that asbestos fiber absorbs tannin from solution. It has not so much absorp- 
tive power per gram as hide-powder, but is claimed to act much quicker. It 
does not unite with the non-tannins, and contains but a small amount of soluble 
matter, which is easily washed out. The second quality of asbestos, costing 
about seventy-five cents per pound, is recommended. Before use it is washed 
with warm water and dried at 220° F. Excess of asbestos is claimed to do 
no harm, The analysis is carried out in much the same way as by the hide- 
powder method. Dilute 10 grams of extract to 1,000 cc. Take 1oocc. of 
this solution in a 300 cc. beaker, add 10 grams dry asbestos fiber, and stir for 
a minute or two. Remove the asbestos with the fingers, squeezing the liquor 
back into the beaker. Repeat this operation twice, using 5 grams of fresh 
asbestos each time. ‘Then test the liquor for tannin with ferric chloride. If 
tannin is present repeat the treatment with asbestos till all tannin is removed. 
Filter the liquor containing the non-tannins, measure off 50 cc., evaporate to 
dryness, and weigh in the usual manner. The asbestos must be dry or an 
error may result from the moisture introduced. 


Asphalts and Bitumens. By Samuer P. SaptLer. /. Franklin Inst, 
140, 198-212. — In this article the author gives an extended résumé of the 
work which has been done on these substances and also some very interest- 
ing details as to the occurrence, refining, and uses of asphalt. 


Investigation of Utah Gilsonite, a Variety of Asphalt. By Wi:- 
LIAM C, Day. J. Franklin Inst., 140, 221-237.— After reviewing the work 
of other investigators on asphaltum, the author considers in detail the variety 
gilsonite. Its properties are discussed and elementary analyses given. On 
dry distillation oily products were obtained and finally ammonia was evolved, 
while coke remained in the still. The oils were studied to some extent and 
found to be complicated bodies, probably mixtures of hydrocarbons, which 
resemble petroleum distillates in some cases and in others seem to resemble 
bodies like pyridine or quinoline. Gilsonite when treated with strong nitric 


acid finally dissolved completely, forming a dark red solution. From this 
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solution several unidentified bodies were isolated, consisting partly of organic 
acids. It is probable that the naphthene series is also represented. The 
study of the oils and acids is to be continued. 


Investigation of Aluminum Alloys. By S. R. LEonarp anp J. H. 
ScHNEPEL. Sibley J. Eng., 9, 369.— The article contains tabulated results 
of tests on various alloys of aluminum with copper, zinc, manganese, chro- 
mium, and tin, with special reference to the latter. It is concluded that tin 
adds nothing to the strength; in fact, the tin alloys are usually weaker than 
pure aluminum. Chromium is shown to increase the hardness and strength 
slightly when used with copper in the alloy. 


Method of Determining Tar and Tar-Acids in Wood Preserva- 
tive. By C. B. DupLey anp F.N. Pease. Am. Eng. R. R. /., 69, 255.— 
The tar is separated as an insoluble mass by adding 88° B. gasoline to the pre- 
servative and shaking in a stoppered graduate. The volume of the tar is read 
off directly, and its per cent. is found by a simple calculation. If the tar ad- 
heres to the sides of the graduate after shaking, the gasoline solution is poured 
off into another graduate which has been wet with gasoline, the volume of the 
tar being considered equal to the difference between this volume and the orig- 
inal one, allowing, however, 1 cc. for evaporation of the gasoline during the 
transfer. Thus, take 20cc. of preservative and add 8occ. of gasoline= 100 ce. 
in all. Suppose, after transferring, the volume of gasoline solution was 97 cc. 
Then 100 — (97 + 1)=2 cc. represents volume of tar. Then per cent. tar 
== (2 X 100)-+ 20=10 percent.tar. The following directions are given for 
the determination of the tar acids: Take 80 cc. of the above mentioned gas- 
oline solution and add to it 2o0cc. of caustic soda solution (13° B.) and 4 cc. 
alcohol (95 per cent.), Shake and let the mixture stand till the liquid sepa- 
rates in two layers. The tar acids and most of the alcohol (about 3 cc.) go 
into the lower layer. Read the volume of the lower layer and calculate the 
per cent. of tar acids thus: Deduct 23 cc. (caustic soda +- 3 cc. alcohol) from 
the reading of the lower layer. (Call the remainder a.) From the original 
volume of preservative and gasoline (100 cc.) deduct the number of cc. of tar 
found, plus one. (Call the remainder J.) Then 80:4::a:x, where «x is the 
volume of tar acids. From this volume calculate the per cent. of tar acids 
present. — The method is not exact, as other substances than tar may sepa- 
rate on adding the gasoline. Again, some of the gasoline may remain in the 
tar. No method is known of avoiding this difficulty, which also affects the 
determination of tar acids. Tar acids are assumed to consist of everything 
which dissolves in the caustic soda. Whether anything else is dissolved is 


not known. The alcohol is used to cause a sharp separation of the caustic 
soda solution from the gasoline. 


The Application of Electricity to the Bleaching of Textile 
Fibers. By Louis J. Matos. J. Franklin Inst., 139, 177-197-— A lecture 
devoted principally to the discussion of the Hermite bleaching process. 


Recent Advances in Electro-Chemistry. By JosepH W. RicHarps. 
J. Franklin Inst, 139, 351-378. — An interesting summary of recent indus- 
trial applications of electro-chemical processes. 


On the Composition of Commercial Sodium Sulphite. By 
MuUMME ANDRESEN. Am. Photographic Annual, 1895, 113.— After discuss- 
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ing the difficulties in making pure sodium sulphite, the author treats of the 
impurities usually present and their effect on the keeping qualities of devel- 
oper solutions in which the sulphite is used. Much of the difficulty experi- 
enced with it is thought to be due to the presence of a sodium dithionate, 
Na,S,O,;, or, as the author terms it, basic hyposulphate of sodium. 


A. H. GILLt, ABSTRACTER. 


The Carbides and Acetylene Commercially Considered. By 
T. L. WILLSon anpD J. J. SucKERT. /. Franklin Jnst., 139, 321-341.—— The 
paper presents in a concise form the properties and methods of preparation of 
the various carbides, calcium carbides in particular and acetylene being dis- 
cussed quite at length. An interesting description of Mr. Willson’s first 
experiments and later methods and estimates on the cost of producing cal- 
cium carbide then follows. The methods of utilizing acetylene either by 
generation from calcium carbide in /oco or from the liquified gas are then 
explained. By its use it is estimated that the gas consumption would be 
diminished nearly 92 per cent. Attention is also called to the fact that but 
1 as much air is required for its combustion as for illuminating gas, thus less- 
ening the vitiation of the atmosphere of the roem in that proportion. The 
abstracter finds under the properties of acetylene no mention of its poisonous 
properties, due to its combination with the haemoglobin of the blood after the 


manner of carbonic oxide. Any escape of the gas would, however, quickly 
manifest itself by its pervading odor. 


Composition of the American Sulphur Petroleums. By C. F. 
Mapery. /. Franklin IJnst., 139, 401-424; 140, 1-26. — The paper discusses 
first the geological occurrence of the oil, and summarizes the results of Pro- 
fessor Orton’s work upon the Geological Survey of Ohio. A description of 
the wells and oil fields of Ohio and Canada then follows. The chemical com- 
position of petroleum is next considered, beginning with the researches of 
Pelouze and Cahours in 1862, and briefly summarizing the important work 
upon this subject down to the present time.— As the sulphur petroleums de- 
compose upon distillation at ordinary pressure, they were distilled i vacuo 
from porcelain stills holding about 15 liters, the fittings being cork luted with 
rubber ; temperatures as high as 375° could be thus attained without serious 
decomposition. Butane, isopentane, isohexane, isoheptane, and octane, to- 
gether with higher members of this series, were identified, forming about one 
tenth of the crude oil. Of the hydrocarbons of the aromatic series, about 
0.017 per cent. benzene, 0.03 per cent. toluene, and 0.58 per cent. xylene were 
found. The presence of hydrocarbons of the ethene series could not be 
established. Work is in progress upon the Canadian oils and upon distillates 


from Pennsylvania oil above 150°, upon the Macksburg oils and the sulphur 
compound. 


G. W. ROLFE, ABSTRACTER. 


On the Determination of Cane Sugar in the Presence of Com- 
mercial Glucose. By H. A. WEBER AND WM. McPuHerson. _/. Am. Chem. 
Soc., 17, 312-320. — This paper has a double interest, for aside from its title 
subject it gives ten analyses of what are taken as typical representatives of 
commercial glucose. It is unfortunate that analyses were not made of glucoses 
from more than one manufacturer, for under natural market conditions there 











324 Review of American Chemical Research. 


are several large glucose factories in operation in the country whose makes of 
glucose have pronounced characteristics. Moreover, these ten analyses, while 
valuable contributions to our somewhat meager stock of information on the 
constitution of commercial glucose, would have been much more valuable had 
a qualitative investigation been made of the nature of the dextrines present. 
Such tests often throw much light on the question whether the glucose is a 
product of normal starch hydrolysis, or a mixture of a “low converted” glu- 
cose with “high converted ”’ liquors, as, for instance, those from grape-sugar 
residues —a point of considerable importance. It will be noted that two glu- 
coses with rotary powers below 128 have more dextrine than those of higher 
rotary power. The question at once arises, Are these normally hydrolyzed 
glucoses, or does a change in rotary power of the dextrine vitiate the accuracy 
of the formula? The authors attempt to compare their analyses with those 
of the Washington Report of 1884, made by an entirely different method 
which has been much criticised, and also with some analytical data of Stone 
and Dickinson published in 1893. The comparison in the latter case is un- 
satisfactory in large part because the authors fail to see, apparently, that the 
1893 data are figured, as has been customary, on the actual weights of the 
syrups instead of being referred to the anhydrous substance. Calculation of 
the data of Stone and Dickinson referred to the anhydride shows that the 
rotary powers of their syrups vary between 109 and 130, the cupric-reducing 
powers also being correspondingly lower than those found by Weber and 
McPherson. In such comparison it must not be forgotten that the rotary 
constant for maltose in Heron’s formula used by the authors is 135.4, while 
most earlier analyses were figured by constants varying from 140 to 138.3. 
Cupric-reducing powers, also, are often figured on different bases. The 
question whether the syrup samples of 1893 did not contain sucrose is an 
important one, since many light syrups are so mixed. ‘This again empha- 
sizes the importance of a thorough qualitative investigation, giving data which 
should be published with the analytical figures. These syrups may be nor- 
mal, but the calculation of percentage composition by Heron’s formula cer- 
tainly gives peculiar results. ‘The latter part of the paper deals more specific- 
ally with the title subject. The authors show that these glucoses subjected to 
the inversion process of Clerget all show a decrease in their rotary power. 
They attribute this to the hydrolysis of dextrine, and establish the following 
formula for correction of the Clerget Double Polarization Method when com- 
2 - 
mercial glucose is present in sugar syrups: x = ot °, Where 2 is 
130 

the approximate reading due to glucose as determined by inversion of solu- 
tion, x is to be subtracted from the numerator, a — 4, in Clerget’s formula. 
This correction formula is only applicable where the method of the Official 
Agricultural Chemists is used for inversion, 


On the Action of Acetic and Hydrochloric Acids on Sucrose. 
By H. A. WEBER AND WILLIAM McPuHErsoN. J. Am. Chem. Soc., 17, 320- 
327. — After reviewing the conflicting opinions of former investigators as to 
the value of acetic acid as an inverting agent in the Clerget Method of Double 
Polarization, this paper describes an ingeniously devised series of experiments 
which prove that hydrochloric acid, as well as sodium carbonate and chloride, 
increases the polariscope reading of invert sugar. In case of a normal solu- 
tion reading 100 per cent. sucrose, the invert reading in presence of hydro- 
chloric acid is probably 1.4 per cent. too great at a temperature of 20°C, 
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Acetic acid, on the contrary, while it produces complete inversion, causes a 
probable decrease in the invert reading of 0.2 percent. That the difference 
of 1.6 in the invert readings of two solutions of sucrose inverted, the one 
with hydrochloric acid, the other with acetic acid, is due to the different in- 
fluence of the acids, and not to incomplete inversion, the authors prove by 
testing the two solutions by the Fehling method, which gave the same reduc- 
tion with both. 


The Composition of Maple Sap and Some Notes on Maple 
Syrup and Sugar. By F. W. Morse anp A. H. Woop. WJ. #. College 
Agricultural Chem, Station, Bull. No. 25, 1-13. — This bulletin has a peculiar 
interest, as it is said to be, with one exception (Bull. 6, U. S. Dept. of Agri- 
culture), the only published work on the composition of maple sap. These 
investigations, while extending over three years, have been necessarily re- 
stricted to the few “sugaring” days of each spring; hence the authors con- 
sider them at best giving very incomplete data for establishing general laws 
affecting sugar formation in maple sap. The richest sap apparently comes 
from trees of large leaf surface and receiving most sunlight. Early sap is 
perceptibly richer both in solids and sugar than sap at the end of the sea- 
son, although from day to day the quality fluctuates. Little difference was 
found in sap taken from different sides of the tree. The balance of evidence 
seems to corroborate the popular belief that the outer wood contains the 
richest sap. The reader will be interested in noting the relatively small 
sugar content of maple sap, averaging 3 per cent., as compared with cane and 
beet juices. The quotient of purity, over go per cent., on the other hand, is 
rarely equaled except in the best Cuban cane juices of March and April. 
Determinations of the other constituents of the sap would have added much 
to the value of these analyses. The second half of the paper deals with ex- 
periments in sap boiling. Syrup from soft maples is inferior to that from rock 
maples. The best flavored and colored sugars are obtained when careful 
attention is paid to cleanliness in collecting sap, straining it carefully, then 
boiling down while fresh, and with as little handling as possible. Clarification 
improves color. The more elaborate methods of refining, as boneblack filtra- 
tion, are inadmissible. Boneblack removes the characteristic maple flavor on 
which the value of the sugar depends. 


SANITARY CHEMISTRY. 


E. H. RICHARDS, ABSTRACTER. 


The Examination of Lard for Impurities. By Davin Wesson. 
J. Am. Chem. Soc., 17, 723-735.— The author gives a concise statement of 
the value of the different tests, and considers each in the light of a long, prac- 
tical experience. 


Acetic Acid in Vinegar. By Atpert R. Leeps. 7. Am. Chem. Soc., 
17, 741-744. — The author recommends the dilution of 50 cc. of the vinegar 
to be examined with 50 cc. of water and the titration with decinormal barium 
hydrate, using phenolphthalein as indicator, adding the barium hydrate in 
excess, and titrating back with decinormal sulphuric acid. He states that 
_ — results may be obtained with turmeric paper than with phenol- 
phthalein., 
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Methods and Results of Investigations on the Chemisiry and 
Economy of Food. By W. O. Atwater. U. S. Dept. Agriculture, Office 
Expt. Stations, Bull. No. 21, 222. — There will be found in these pages an 
amount of classified information on food materials, their value, economical 
use, and utilization in the human body, together with methods of determination 
and suggestions for further study, such as cannot be found in any other book 
published in the English language. No one engaged in the study or teach- 
ing of any subject relating to food substances can afford to be without a copy 
of this monograph. . 


Analyses of Cereals Collected at the World’s Columbian Ex- 
position. By Harvey W. Witey. U.S. Dept. Agriculture, Division Chem., 
Bull. No. 45, 1-45.— This little monograph is a model of concise statement 
of a wealth of information on the composition and quality of cereals. Its 
value is increased by the addition of data given in previous bulletins, some of 
which are now out of print, and by comparison with the data given by foreign 
analysts. The standard composition of typical American grains is as follows: 











Barley. | Buckwheat. | Maize. | Oats. | | ict | | Rye. | Wheat. 

Weight of 100 kernels. | 
eS a oe 4.19 3.00 38.60 3.00 3.00 250) 3:85 
Moisture. (Per cent.) . 10.85 12.00 10.75 10.00 10.50 | 10.50 10.60 
Albuminoids. (Per cent.) 11.00 10.75 10.00 12.00 7.50 | 12Z20:| 1225 
Oil . 2.25 2.00 4.25 4.50 160 | 1.50) 1.75 
Fiber . 3.85 | 10.75 1.75 | 12.00| 9.00 | 210) 240 
Ash 2.50 | 175 1.50 | 3.50 4.00 | 1.90} 1.75 
Digestible carbohydrates, 69.45 | 62.75 71.75 | 58.00 | 67.40 | cf ey bo Ny fas 

| | 








The Purification of Sewage by Forced Aeration. By GrorcE 
Warinc, Jr. Monograph, 1-67.— This “report of an experimental investi- 
gation of the value of a process for purifying sewage by means of artificially 
aérated bacterial filters” gives an account of results obtained during the sum- 
mer months of 1894 on a portion of the sewage of Newport, Rhode Island. 
So much of the time was occupied in perfecting the mechanical details of 
the plant that it is not fair to judge of the chemical results by very strict 
standards. If the experiment had been continued through a full year, under 
careful control, certain data now wanting for a definite judgment of the value 
of the method on a practical scale might have been added, and some idea of 
the cost of operation in comparison with other methods might have been ob- 
tained. The character of the sewage, also, was different from that usually 
met with, in that it contained an abnormally high proportion of albuminoid 
ammonia and of chlorine. This report on the “forcing” of bacteria should be 
studied by the agriculturalist with a view to securing an increase in the growth 
of his crops. — The supplementary report of chemical work, by George W. 
Rolfe, furnishes data, which, although far from complete, have been so care- 
fully compiled as to be of value in future experiments. 
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A Chemical Examination of the Waters of the Kansas River 
and its Tributaries. By E. H. S. Battey anp E. C. FRANKLIN. Kansas 
University Quart., 3, 91-102. — This short paper records in graphical and 
tabular form a large amount of work. An examination at two typical points 
of a stream which is used both as a carrier of sewage and a source of supply, 
together with an examination of seven tributaries, must furnish most valuable 
data for comparison. There is given the mineral, as well as the sanitary analy- 
sis, which in the case of the tributaries draining the alkali region is of espe- 
cial importance, as showing that each geological section must fix its own stand- 
ards after a careful study of conditions. For instance, the data of the “normal 
chlorine,” which serveg such good purpose in Massachusetts, could not be used 
in Kansas. The necessity of a microscopical as well as chemical examina- 
tion is shown by the statement that a persistent but abnormal rise in albumi- 
noid ammonia at one place in the river was found to be due to a growth of 
diatoms in the slack water above adam. It is interesting to note the state- 
ment that the waters of many wells sunk in the rich prairie bottoms yield a 
large amount of free ammonia and of ferrous carbonate, which oxidizes on 
exposure to the air and gives an unsightly water, but that there is no evi- 
dence that these waters are contaminated with drainage. English methods 


have been rather closely followed, and some important data are wanting from 
which to draw final conclusions. 


AGRICULTURAL CHEMISTRY. 


E. H. RICHARDS, ABSTRACTER. 


Phosphoric Acid in Agriculture. By Frank T. SHutr. Canadian 
Mining Review, 14, 125-129. Phosphate’s Future. By Ropert C. ADAms, 
Jbid., 14, 124. Canada, a Natural Manufacturing Center for Fertil- 
izers. By HENRY WIGGLESWoRTH. J/did., 14, 129. Canadian Phosphate 
and Fertilizers. By J. Burtey Smiru. did. 14, 130. — These papers 
taken together give an excellent résumé of the present thought on the manu- 
facture and use of mineral phosphate in agriculture. It is stated that potatoes 
take from the soil 14.5 pounds of phosphoric acid per acre, white turnips take 
27.3 pounds, and corn fodder 32.5 pounds, the weight of the fodder being 
tr tons, of the turnips 10.5 tons, of the potatoes 3 tons. It is worthy of note 
that phosphoric acid, unlike nitrogen, does not waste by leaching out, but is an 
accumulative fertilizer. Additional evidence is given as to the solubility of 
mineral phosphates in dilute organic acids. ‘The paper contains several tabu- 
lar statements, and gives results of original work at the Ottawa station. 


Agricultural Experiment Stations, Their Objects and Work. 
By A. C. Trur. JU. S. Dept. of Agriculture, Office of Experiment Stations, 
Bull, No. 26, 1-16. — There is here given very concisely the history, organiza- 
tion, equipment, object, methods of work, etc., of the fifty-four stations in the 
United States, which are now costing a million dollars annually, but which is 
only three cents in each hundred dollars of the product of agriculture of the 


country. Forty-five stations are studying methods of analysis, and doing other 
chemical work. 


Determination of Nitrogen in Fertilizers Containing Nitrates. 
By H.C. SHermaN. J. Am. Chem. Soc., 17, 567-576.— The author reviews 
concisely the history of the various modifications of the Kjeldahl method, and 
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concludes that, in case of ordinary fertilizers containing little or no chlorine, 
the official methods are reliable if the directions are closely followed and the 
sample is properly prepared ; that, where much chlorine is present, the addition 
of zinc dust is effective ; and that, in case the nitrates are high, the addition of 
permanganate or digestion of the solution for some time after it has become 
colorless is necessary. 


PLANT AND ANIMAL CHEMISTRY. 


S. C. PRESCOTT, ABSTRACTER. 


The Proteids of the Rye Kernel. ByJ.B.Ossorne. /. Am. Chem. 
Soc., 17, 429-448. — In this article the author reviews the results of other 
workers on the proteids of rye, and then proceeds to a systematic study of 
them. He discusses them under four headings: (a) Proteids soluble in water; 
(6) Proteids insoluble in waiter, but soluble in saline solution ; (¢) Proteids in- 
soluble in water and saline solutions, but soluble in dilute alcohol; (@) Pro- 
teids insoluble in water, saline solutions, or alcohol, but soluble in dilute 
alkalies. Under the first heading (a) he describes an albumin which coagu- 
lated at 63°, and has the following composition: C, 52.97; H,6.79; N, 16.66; 
S, 1.35; O, 22.23. This corresponds very closely to the albumin obtained 
from wheat, both in percentage composition and temperature of coagulation. 
They are undoubtedly the same substance, and are designated by the name 
Jeucosin. ‘The proteoses found also show the same reaction as those of the 
wheat kernel, and appear to be identical. Under (4) a globulin was found 
which appeared to be identical with the globulin of wheat, and so received 
the same name, edestin. Its composition is as follows: C, 51.03; H, 6.85 ; 
N, 18.39; S, 0.69; O, 23.04. Of the proteid soluble in alcohol, several analy- 
ses were made. A single proteid, gliadin, was found which agrees in com- 
position with a similar compound obtained from wheat. Its analysis gave the 
following figures: C, 52.75; H, 6.84: N, 17.72; S, 1.21; O, 21.48. Nothing 
definite was found out in regard to the proteid soluble in dilute alkali, as the 
large amount of gum dissolved rendered thorough purification impossible. It 
is probable that the compound is wholly or partly different from the corre- 
sponding wheat compound. Of the quantities of each of the different pro- 
teids present in the rye kernel the author gives the following estimates: Insol- 
uble in salt solution, 2.44; gliadin, 4.00; leucosin, 0.43 ; edestin and prote- 
ose, 1.76; total, 8.63 per cent. The paper gives processes in full, and the 
results of a large number of analyses. 


The Proteids of Barley. By Tuomas B. Osporne. /. Am. Chem. 
Soc., 17, 539-567. — The author gives the results of a series of analyses of the 
proteids found in barley, using the methods which he applied to the study of 
the rye proteids. About 0.3 per cent. of the seed is made up of Jeucosin, 
coagulating at 52°, and which is the same as the albumin found in the rye and 
wheat kernels. A small quantity of proteose is also present, the composition 
of which was not definitely ascertained. Edestin, a globulin which is the same 
as that found in many seeds, and commonly known as vegetable vitelbin, is also 
present. This proteid has a coagulation point of about go°, but is not wholly 
coagulated even by heating above that temperature. It is not precipitated by 
saturating its solution with sodium chloride, but is thrown down from saline 
solutions by adding acid. About 4 per cent. of the seed consists of hordein, a 
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proteid insoluble in saline solutions, very slightly soluble in pure water, and 
extremely soluble in 75 per cent. alcohol. This is the barley proteid described 
by Ritthausen as mucedin. It has almost the same physical and chemical 
properties as the gliadin obtained from wheat and rye, but differs from it in 
composition, having 1.5 per cent. more carbon, 1.5 per cent. less nitrogen, 
and 0.3 per cent. less sulphur than gliadin. Hordein is decidedly less solu- 
ble in water than gliadin; it is soluble in dilute acids and alkalies, from 
which it is precipitated by neutralization. Like gliadin, it gives a crimson 
color when dissolved in strong hydrochloric acid, but with a warm mixture 
of equal volumes of water and concentrated sulphuric acid a red color is given 
by hordein, not a purple red as by gliadin. After extracting the barley flour 
with salt solution and with alcohol, the residue still contained 42 per cent. of 
the nitrogen, corresponding to proteid matter equal to about 4.5 per cent. 
of the flour. Of this residual proteid it was possible to extract only a very 
small amount with dilute potash water. Assuming that all the nitrogen be- 
longs to proteid matter, barley flour contains 10.75 per cent. of proteids. 


The Chemical Nature of Diastase. By T. B. Osporne. /. Am. 
Chem. Soc., 17, 587-603.— This is an article of considerable interest. ‘The 
author has observed that the same albumin is present in the kernels of wheat, 
rye, and barley, and that there is a close relation between the temperature of 
coagulation of albumin and the temperature at which diastase begins to lose 
its activity. The proteid is separated from the carbohydrates and other sol- 
uble substances by saturating the aqueous or weakly alcoholic extract with 
ammonium sulphate. The proteid existing as globulin is removed by dialysis, 
and the proteoses and albumin are separated by fractional precipitation with 
alcohol. The ammonium sulphate precipitate is dissolved in water, and the 
solution found to have the same diastatic power as the original extract. This 
power is determined by the amount of starch which equal volumes of the 
solutions can change to sugar in a given time as determined by titration with 
Fehling’s solution. After purifying the proteids separated out by fractional 
precipitation, their diastatic power is determined, and then their percentage 
composition. The results point strongly to the albumin as being the diastatic 
substance, although no numerical relations can be established between the 
amount of coagulable albumin and the diastatic power. It seems probable 
that diastase is a true proteid, evidently either an albumin, a combination of 
an albumin with a proteose, or a proteose. The fractional precipitates con- 
sisting largely or wholly of proteose have little or no diastatic action, amylo- 
lytic power being manifested most strongly in the fractions containing the 
most albumin, and least in those containing but little. The diastatic enzyme 
is most closely related to the albumin called leucosin, which is found in wheat, 
rye, and barley. 


The Composition of the Tuberculosis and Glanders Bacilli. 
By E. A. DE ScwEINITz AND M. Dorset. /. Am. Chem. Soc., 17, 605-611. — 
The authors have collected and submitted to analyses large quantities of these 
bacteria grown both on beef broth and on artificial media. It was found that 
the two varieties of germs differ widely in their percentage composition, while, 
with the exception of nitrogen, the variations in the case of a single species 
grown on different media were small. Their results in per cents. are as fol- 
lows: Bacillus tuberculosis: C, 62.54; H, 9.34; N, 7.99; S, 0.45; P, 0.78; 
ash, 2.94; ether extract, 39.00; alcohol extract, 3.75; albuminoids, 50.48: 
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celhulose, 6.44. Bacillus mallei: C, 83.35; H, 6.04; N, 14.43; S,1.02; P, 1.10; 
ash, 5.18; ether extract, 7.98; albuminoids, 90.15; cellulose, 6.03. — Fats were 
extracted from the germs, and saponified with caustic soda, and the fatty acid 
separated. The amount of acids obtained was small, and only melting point 
determinations were made. The acids from the glanders bacilli seemed to be 
oleic and palmitic, and those from the tubercle bacilli palmitic and arachidic. 


The Chemical History of a Case of Combined Antimonial and 
Arsenical Poisoning. By C. A. Doremus. J. Am. Chem. Soc., 17, 667- 
682. — The body of a man was exhumed three months after the interment, and 
the organs subjected to chemical examination in order to detect the presence 
of poisons. Examinations were made for alkaloids and inorganic poisons. For 
the alkaloid tests alcoholic extracts were made of portions of the stomach, in- 
testines, and liver; these extracts were evaporated, again treated with alcohol 
and evaporated, and the residue dissolved in water and treated with petroleum 
ether, benzene, amyl alcohol, and ammoni’ to make sure of the extraction of 
morphine. No poisonous alkaloid was found in any of the residues. The 
metals looked for were arsenic, antimony, copper, and bismuth. The com- 
minuted tissues were disintegrated by hydrochloric acid and potassium chlo- 
rate, chlorine expelled, and hydrogen sulphide passed into the solution. 
A heavy precipitate resulted. The sulphides were purified and analyzed, an- 
timony, arsenic, and, in some of the organs, copper being found. Antimony 
and arsenic were found in the stomach, intestine, liver, spleen, heart and 
blood, brain and muscle, by a variety of tests. The total amount of arsenic 
found was equivalent to 0.32565 gram As,QO;, and the total amount of anti- 
mony equivalent to 0.46036 gram tartar emetic. ‘The amount of copper found 
was small. The article points out some details to be observed in testing for 
and separating small quantities of arsenic and antimony in organic matter, 





HISTORICAL CHEMISTRY. 


F. H. THorp, ABSTRACTER. 


The Composition of Athenian Pottery. By THEopoRE WILLIAM 
Ricuarps. Am, Chem. J., 17, 152-154. — This is a contribution to the ques- 
tion of identity of the source of fragments of ancient pottery with that of 
material found in other cities. The results of analyses of five distinct samples 
are tabulated and show great similarity of composition, from which it is con- 
cluded that all the specimens were made in a pottery located in the city of 
Athens, where the fragments were found. 


Notes on the History of Zinc. By W. H. Seamon. Bull. Missouri 
Mining Club, 1, 1, 53-67. 


The Alchemists’ Symbols for the Metals and Some Other Sub- 
stances, with Some Facts of a Historical Character Concerning 
Them. By W. H. Seamon anv D. T. Parker. Bull. Missouri Mining Club, 
I, 5-21. 
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METALLURGICAL CHEMISTRY AND ASSAYING. 


H. O. HOFMAN, ABSTRACTER. 


Some Experiments for Determining the Refractoriness of Fire- 
Clays. By H.O.Horman and C.D. Demonp. Trans. Am. Inst. Mining Eng., 
24, 42-66.— The methods of Bischof and Seger for calculating the refractory 
quotient are given in detail and compared. The experimental methods of 
Knafil, Otto, Bischof, and Seger are shortly reviewed, and the experiments 
made by the authors given in detail. ‘Their object was to find a method by 
means of which they could determine the refractory character of high-grade 
as well as low-grade clays at a standard temperature below the melting point 
of platinum which would permit of watching the samples while exposed to the 
fire. The temperature chosen was 1,500° C. The method used was to tone 
down high-grade clays with different mixtures of silica and calcium carbon- 
ate, and to tone up low-grade clays with a mixture of equal parts of silica and 
alumina, until the sample, formed to the shape of a three-sided pyramid, would 
fuse at the standard temperature. The furnace constructed for this purpose 
was heated by a large blowpipe of refractory material. Superheated illumi- 
nating gas and air meeting in a dozen or more small streams at an angle 
were thoroughly mixed, thus insuring quick and perfect combustion ; the flame 
passing along in a refractory, well-isolated chamber came in contact with the 
samples, and passed off through a flue in the roof. The charging door, with 
peephole at the end opposite the entrance of the flame, permitted handling 
of samples and watching of process. ‘The standard for measurement of tem- 
perature was the LeChatelier pyrometer. ‘The authors carried on systematic- 
ally a series of thirty-six experiments, of which fifteen were on fire-clay from 
Mt. Savage, Maryland, fourteen on kaolin from Blandford, Massachusetts, and 
seven on common brick clay from Cambridge, Massachusetts. The refractory 
quotients for all mixtures were calculated. ‘The paper is fully illustrated. 


On the Study of Slags from Lead Furnaces, with the Object 
of Producing Liquation and Crust Effects. By J. SrrurHers. School 
Mines Quart., 16, 356-373. — The paper is a record of experiments made in 
melting down slags in graphite crucibles and allowing them to cool slowly so 
that crystalline compounds might separate out and be studied, the furnace 
used giving a temperature of from 1,500 to 1,550°C. The graphite, however, 
reduced some of the iron of the slag, and thus changed the composition. ‘To 
the paper is appended a bibliography on slag in all its relations. 





The Manganese Slags of Tombstone, Arizona. By J. A. CHuRCH. 
Trans. Am. /ust. Mining Eng., 24, 559-571.— The paper is a full record of 
smelting the enriched product obtained by concentrating tailings from the sil- 
ver amalgamating mill of the Tombstone Mining and Milling Co. The main 
points of interest are the fineness of the ore, the richness in manganese of the 
slags (running as high as 43 per cent. MnO), the small percentage of lead in 
the charge (4.6-8.6 per cent.), and the fact that no matte, or hardly any matte, 
vas produced, although galena, anglesite, pyrite, and blende were present. 


The Stetefeldt Furnace. By C. A. Stereretpt. Zrans. Am. Jnst. 
Mining Eng., 24, 1-21. — In connection with a full description of the latest 
form of his furnace and an attack made on it by L. D. Godschall ( Proc. Col. 
Sci. Soc., 4, 306-322), the author discusses many general points in chlorodiz- 
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ing, namely, the percentage of sulphur required, the effects of lime and mag- 
nesia, the additional chlorination on the cooling floor, and the loss of silver by 
volatilization and dusting. 


Product and Economical Results of the Marsac Refinery for 
1892. By C. A. STETEFELDT. Zrans. Am. Inst. Mining Eng., 24, 221-234. — 
The author gives full statistics, and compares the results obtained by his 
method of treating the mixed sulphides from the Russell process with the re- 
turns received from silver-lead smelters. Compare the author’s earlier papers 
(op. cit., 20, 37, 46; 21, 286). 


Chloride of Bromine as a Gold Solvent. By W.E.Girrorp. Zng. 
Mining /J., 60, 27. — A solution of chloride of bromine, more or less dilute, 
used on gold ores has proved in the laboratory an efficient solvent for gold. 
It is prepared by passing chlorine through bromine until the latter is volatil- 
ized and conducting the resulting gas through water, or by passing chlorine 
through bromine under water. (Compare, Gaze, Zug. Mining /., 59, 442.) 


Cyaniding or Chlorination. By E. A. SCHNEIDER. Lng. Mining /, 
59, 461. — Leaching with potassium cyanide may be cheaper under excep- 
tionally favorable conditions than leaching with chlorine, but the latter is gen- 


erally more reliable, as it suits almost all ores, while potassium cyanide is 
adapted only to a few. 


The Rate of Solution of Gold in Cyanide Solution. By A. W. 
Warwick. ug. Mining /., 59, 604—605.— ‘The paper contains a series of 
experiments on the solubility of gold foil and gold-silver alloys in potassium 
cyanide under various conditions. The results are plotted in charts. Sum- 
ming them up, the author states that the solubility increases with the tempera- 
ture, the length of treatment, the degree of concentration, and the presence 
of halogen cyanides, especially of cyanogen bromide; that metallic cyanides 
present as impurity have a marked influence on the rate of solution; that 
gold-silver alloys are less soluble than pure gold; and, lastly, that potassium 
ferrocyanide and potassium sulphocyanide are solvents for gold. In regard to 
the use of cyanogen bromide, he notes that, while halogen cyanides acceler- 
ate the solution of gold, they have a rapidly decomposing effect on potassium 
cyanide. He suggests an explanation of the chemical action of cyanogen 
bromide and iodide in promoting the solution. 


Mulholland’s Bromo-Cyanide Process. By J.S.C. Wetts. ng. 
Mining J., 59, 531-— The object of this note is to show that the Mulholland 
process contains nothing that is not included in the Sulman process (Zug. 
Mining J., 59, 510). In the former, bromine is added to a dilute solution of 
potassium cyanide. In the latter the solvent is prepared either in the same 
way as by Mulholland or preferably by adding cyanogen bromide, separately 
prepared, to the dilute solution of potassium cyanide in the desired propor- 
tion. This is an advantage, as, even according to Mulholland, an excess of 
bromine causes potassium bromide and hydrocyanic acid to form. 


Cyanogen Bromide and Potassium Cyanide for Dissolving Gold. 
By F. A. Teep. Eng. Mining J., 59, 365.— The author argues against 
Schneider’s statement (this Quart., 8, 112) that the whole of Sulman’s proc- 
ess consists in adding bromine to a potassium cyanide solution, but the argu- 
ment seems inconclusive to the abstracter. 
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Cyanide vs. Cyanide plus Cyanogen Bromide. By J.S.C. WELLs. 
Eng. Mining J., 59, 482. — This is a record of some comparative solution 
experiments with potassium cyanide with and without addition of cyanogen 
bromide on gold foil, gold ore, concentrates, and tailings. The results show 
the extraction by potassium cyanide and cyanogen bromide to be considerably 
greater than that by potassium cyanide alone, and the consumption of potas- 
sium cyanide to be only slightly larger. Thus a concentrate assaying 1.59 
ounces gold per ton and 6.3 ounces silver, and consisting of pyrite, arseno- 
pyrite, and oxide of iron, showed an extraction of 76 per cent. of the gold 
and 45 per cent. of the silver with potassium cyanide, and 89.4 per cent. of 
the gold and 70 per cent. of the silver with potassium cyanide and cyanogen 
bromide, the consumption of potassium cyanide per ton of ore being with the 
former 3.1 pounds, with the latter 3.4 pounds. 


Notes on the Precipitation of the Precious Metals from Cya- 
nide Solutions by Means of Zinc. By N. ANpeErRson. Proc. Col. Sci. 
Soc., April 1, 1895.—In precipitating gold from a cyanide solution much more 
than one atom of zinc is consumed for two atoms of gold precipitated. This 
is attributed by the author to the solvent action of potassium hydroxide pres- 
ent in the cyanide solution, potassium zincate being formed. The coexistence 
of the zincate and cyanide is doubted by some writers, but the author’s exper- 
iments lead him to believe that zinc cyanide is decomposed when dissolved in 
the alkaline or alkaline-earth hydroxides. The presence of unstable potas- 
sium zincate, readily decomposed by contact with air and ore, is also the 
reason why zinc does not accumulate in cyanide solutions. — The author finds 
that zinc cyanide dissolved in hydroxides of sodium and potassium is a sol- 
vent for gold and silver, and that the double cyanide of zinc and potassium, 


also, contrary to the common belief, has a solving effect on the precious 
metals, 


Separation and Treatment of Lead Matte at the Blast Furnace. 
By L. S. Austin. ng. Mining /., 60, 126-127.— In smelting argentiferous 
lead ores the amount of. matte formed depends on the sulphur present in the 
charge. The percentage of silver in the matte stands in direct relation to 
that of lead, this being also, at least to some extent, the case with copper. 
In tapping into a conical slag pot a mixture of matte and slag with which a 
small amount of lead is entangled, and allowing it to cool slowly, there will be 
found, under favorable conditions, at the bottom of the pot a button of lead 
overlaid by a clean cake of speise, of matte, and lastly of slag. Often, how- 
ever, the lines of demarcation are not absolute. Many attempts made to 
effect a good separation of the melted masses are described by the author. 


Segregation in Ores and Mattes. By D. H. Brown. School Mines 
Quart., 16, 297-311. — The matte produced at Sudbury, Canada, has the aver- 
age composition: Cu: 24, Ni: 20, Fe: 28, S:28 per cent., and a specific grav- 
ity of 5 to 5.2. It is tapped into large conical cast-iron pots, from which, 
when it has come to a set, it is turned out and allowed to cool on the dump. 
In the cracks formed by cooling, small hairs or wires of copper are observed 
near the top and outside, while crystals of ferro-nickel, Fe,Niy, are found 
at the bottom near the center. Assays show that a cake of matte is richer 
in Copper at the top than at the bottom, and conversely poorer in nickel. 
The paper contains a number of analyses, the samples for which were taken 
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from different parts of a cake of matte, as shown in the illustrations. From 
them the author draws the conclusions: (1) that “in a mass of molten cop- 
per, nickel, iron matte, the sulphides are mutually antagonistic ;” (2) that 
‘the tendency of nickel and, though in a less degree, that of iron is also to 
concentrate toward the center with a slight downward inclination ;” (3) that 
“the tendency of copper is to disperse toward the outside and to rise toward 
the top of the casting.” ‘The bearing of the results on the natural formation 
of the Sudbury deposits, which was the special object of the investigation, is 
considered at length. 


The Refining of Gold Sulphides Produced by the Precipitation 
of Gold from Chlorine and Bromine Solutions with Sulphurous 
Acid and Hydrogen Sulphide. By W.Lanccutu. TZyrans. Am. /nst. Min- 
ing Eng., 24, 100-106. -— The paper is an illustrated description of the meth- 
ods of working introduced by Mr. Langguth at the Golden Reward Works 
of Deadwood, South Dakota, in 1890, and the Black Hills Milling and Smelt- 
ing Company’s works of Rapid City, South Dakota, in 1892. It consists (1) in 
drying and roasting the precipitate on a cast-iron pan either in a cast-iron 
muffle or a fireplace where the fumes are drawn off by a hood; (2) in pulver- 
izing the roasted precipitate in a horizontal iron revolving drum containing 
a few cobblestones ; (3) in adding to it the necessary quantity of fluxes, 
such as soda, borax, and niter; (4) in melting in a plumbago crucible and 
casting; and (5) in working up the slag. ‘The losses in refining are princi- 
pally mechanical; the volatilization loss is very small, and need only be con- 
sidered if arsenic and antimony are present, but with careful roasting and 
fluxing it can be avoided. 


Tina-Amalgamation. By V.Pacosy Sacto. ug. Mining /., 60, 253- 
254.— The author strongly advocates the use of tina instead of pan-amalga- 
mation, or, in other words, the use of a copper-bottom pan, with incidental 
wet chlorinating, instead of an iron pan, where the adding of chemicals can- 
not have such a favorable effect on account of the iron’s throwing down much 
of the copper. Copper pans for amalgamating ore ground in iron pans have 
been tried in this country, but have not been adopted, although chemically 
there is every reason for their being a success. The author says that, in addi- 
tion to cupric and cuprous chloride acting as chlorodizers on silver minerals, 
other important reactions take place in the tina, and constitute one of its ad- 
vantages, namely, a metathetical reaction between cupric sulphate and silver 
sulphide, and subsequent decomposition of the silver sulphate by metallic cop- 
per. The abstracter is not aware that silver sulphide is decomposed by cupric 
sulphate alone. When amalgamated in an iron or copper pan, it is decom- 
posed by the galvanic action of mercury and iron (or copper) which form the 
two poles, the cupriferous brine being the electrolyte. In the second equa- 
tion it would seem as if iron could easily replace copper so as to decom- 
pose the readily soluble silver sulphate whether cupric sulphide be present 
or not. 


The Cerro de Pasco Mining Industry. By O. F. Prorpte. TZvrans. 
Am. Inst. Mining Eng., 24, 107-121.— ‘The paper treats shortly of the mines 
of this celebrated district, and discusses more in detail the methods of assay 
and ore treatment. The assay is practically an imitation of the large-scale 
method of working in the Patio. This has the following operations: fine 
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crushing in the Chilian mill, driven by a horizontal water wheel, at the rate of 
one and one half tons of ore in twenty-four hours, settling out the liquid pulp 
in suitable tanks, amalgamating charges of about fifteen tons in the Patio, sep- 
arating tailings from amalgam by treading, filtering the amalgam and pressing 
it into cylindrical cakes to be charged into the retort and distilled, and melt- 
ing the retort silver into bars. Full data Ry the description of each 
operation. 


Aluminum Bronze. By L.Wa.po. Zrans. Am. Inst. Mining Eng., 24, 
525-529, 878-883. — Of the different alloys of aluminum and copper, the 
Io per cent. alloy is believed to be a true “compound of the formula AlCu,. 
The reasons given are that a small percentage of aluminum reduces the con- 
ductivity of copper for electricity to an enormous degree ; that the chemical 
reaction on mixing aluminum and copper, both heated to just above red- 
ness, is so powerful as to cause the mixture to become white hot and to 
boil strongly; and that copper with less than ro per cent. aluminum does 
not show any segregation of the latter metal whatever. Alloys of copper 
with less than ro per cent. aluminum are to be considered as solutions of the 
alloy AlCuy, the true aluminum-bronze, in copper.— The mechanical proper- 
ties of the alloy resemble those of steel; it is non-magnetic, and strongly 
resists corrosion, ‘There are difficulties in casting aluminum-bronze on ac- 
count of the great contraction. So far, castings weighing over two tons have 
not been made. — Mr. Howe, discussing the paper, is not prepared to accept 
the above theory as final. He sees a family likeness in aluminum-bronze to 
brass and real bronze. 


The Basic Bessemer Process. By F. E. THompson. /ron Age, 56, 
271-276. — This paper is a review of the work done at Pottstown, Pennsyl- 
vania, from 1891 to 1893, the object being to show that basic Bessemer steel 
can be made as successfully here as abroad, as the chemical composition of 
the steel in the converter can be regulated to a nicety. The paper contains 
twenty-five tables giving the details of chemical and physical tests of different 
grades of steel, 


The Inaccuracy of the Commercial Assay for Silver and of 
Commercial Statistics in Silver Mills, with Especial Reference to 
the Treatment of Roasted Ores by Amalgamation and by the 
Russell Process. By C. A. STETEFELDT. 7Zrans. Am. Inst. Mining Eng., 
24, 530-543, 867-872. — The purpose of this paper is to show that the per- 
centage of silver reported as saved in silver works is incorrect, on account of 
the inaccuracy of the assay and the method of sampling. In assaying, the 
author distinguishes the “commercial assay,” which does not take into con- 
sideration the silver remaining in the slag and cupel or the silver that is vola- 
tilized from the “corrected assay,” in which the first two losses are deter- 
mined and added to the final result. As regards the manner of assaying, the 
crucible method is given the preference for ores and tailings, and the scorifi- 
cation method for rich sulphides. The discussion brings out the fact that this 
preference for the crucible assay is not very general, at least with smelting 
men. The manner of sampling tailings from leaching vats and settlers is dis- 
cussed, and finally two comparisons are given between the results of leaching 
and amalgamating based on the commercial and corrected assay. 
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Losses of Gold and Silver in the Fire-Assay. By H. Van F, 
FurMAN. Trans. Am. Inst. Mining Eng., 24, 735-742. — The purpose of this 
paper is to call attention to the sources of error in assaying ore, matte, and 
base bullion for gold and silver, and to point out how they can be avoided, 
Inequality of results is due in part to incorrect sampling of the substance; in 
part to varying losses in scorification, crucible work, and cupelling; to the 
more or less perfect elimination of base metal from the doré-silver button on 
the cupel; and lastly to the more or less complete parting of gold and silver, 
Tables with numerical data show the varying amount of loss, and indicate 
how to avoid it. 


Losses of Silver and Gold in Cupelling. By W. H. Szamon anp 
D. T. Parker. Bull. Missouri Mining Club, 1, No. 2, 13-23. — The paper 
gives in ten tables a full record of a large number of cupellations systematic- 
ally carried out for the purpose of determining the volatility of silver and 
gold when heated alone and when cupelled at different temperatures with 
varying amounts of lead, the influence of gold on the volatility of silver, and 
the loss from absorption by the cupel. The results are especially valuable, as 
the temperatures were not estimated by the eye, as is common, but measured 
with a pyrometer. 


The Allotropism of Gold. By H. Louis. Zrans. Am. Inst. Mining 
Eng., 24, 182-186, 705-712. — It is permissible to speak to-day of two forms 
of gold, the ordinary yellow variety and the red, brown, or purple, non-lus- 
trous, amorphous variety, and there are indications of still others. The two are 
distinguished by their physical properties, viz., color, crystallization, specific 
gravity, and degree of thermal energy; and their chemical properties, viz., ordi- 
nary gold with chlorine or bromine gives AuCl, or AuBrs, and amalgamates 
readily ; amorphous gold gives Au,Cl, or Au,Br,, does not amalgamate, etc. 
Heat and violent mechanical action convert amorphous gold into ordinary 
gold. The specific gravity of amorphous gold obtained from parting gold-sil- 
ver alloy is higher than when it is annealed, but also higher than when it is 
fused. Experiments on annealing amorphous gold show that there are no 
points of recalescence as there are with heated iron when it is being cooled. 
The fact that amorphous gold precipitated from highly diluted solutions does 
not combine with mercury gives a new explanation of some forms of “rusty” 
gold. 


Joseph Hall’s Process for the Manufacture of Aluminum. By 
THE Epitor. Lng. Mining J., 59, 581. — This process consists in (1) pre- 
paring alumina from bauxite by treating with sulphuric acid, evaporating the 
solution, and calcining the residue, at the same time condensing the sul- 
phuric acid liberated to be used again; (2) preparing the anode, which consists 
of a mixture of carbon and alumina; (3) reducing the alumina by electroly- 
sis, the electrolyte being a melted bath of chlorides of aluminum, sodium, 
and lithium contained in a vessel lined with carbon or carbon and alumina; 
(4) tapping at intervals the reduced metal, removing the anode and replen- 
ishing the volatilized chloride. —If the adjustments are such as to furnish the 
bath sufficient alumina, the carbon is oxidized to carbon dioxide ; with insuff- 
cient alumina the resistance increases, and carbon burns to carbon monoxide. 
A current of 1,000 amperes passing through from one to four reduction pots in 
series, and of from 3 to 7 volts per pot, reduces metal at the rate of 0.6 pound 
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per hour, requiring not more than 8,000 watt-hours per pound. The highest- 
grade metal shows 99.7 per cent. aluminum; the average metal, 98.15 per 
cent. aluminum. 


Magnesia and Sulphur in Blast Furnace Cinder. By F. Firm- 

stoNE. Zrans. Am. Inst. Mining Eng., 24, 498-505, 889-898, AND A. D. 
t Evpers. Lng. Mining /., 59, 52, 75, 363.—In the production of pig iron it 

is generally accepted that the more basic the cinder, the more readily will 
it take up sulphur, and that the lime-alumina silicate will remove sulphur 
from the pig better than the lime-magnesia alumina silicate, and still better 
than the magnesia-alumina silicate. In Eastern Pennsylvania no difficulty is 
found in making not only pig low in sulphur with what is practically a normal 
dolomite, but in comparison with the silicon it contains less sulphur than if 
produced with pure limestone. A cinder containing from 39 to 4o per cent. 
silica, if pure limestone is used as flux, slacks on cooling, and gives trouble in 
the furnace; it ceases to do this when dolomite replaces the limestone, and 
the furnace can carry a heavier burden. Mr. Firmstone says that in all cases 
he has examined, when dolomite successfully replaced limestone, the alumina 
of the cinder was low, while the separation of spinel (MgO, Al,O3) in a cin- 
der high in magnesia may be attributed to a high percentage of alumina, and 
concludes that, as far as his observation goes, he would be careful about in- 
creasing the alumina above to per cent. if the cinder showed 20 or more per 
cent. of magnesia. The paper is discussed by Messrs. Landis and Raymond. 
While Mr. Firmstone treats the matter from the side of chemical analysis, 
Mr. Elbers confines himself principally to thermo chemical data. The spe- 
cific heat, he says, of magnesia is higher than that of alumina, and that of 
alumina higher than that of lime; he assumes that the specific heat of the 
singulosilicate of lime and magnesia is higher than that of alumina, and that 
it is at its maximum when lime and magnesia are present in equivalent pro- 
portions. The argument, then, is that the higher the specific heat of the slag 
constituents the hotter must be the furnace to keep the slag thoroughly liquid, 
which necessitates a larger consumption of fuel, causing also a higher carbon- 
ation of the iron and a more perfect reduction of slagged iron, and thus a 
higher percentage of silicon in the pig. The formation of slack cinder or the 
segregation of spinel is due to a lack of heat. When this is not sufficient for 
the silica to hold all the bases in combination, it will drop first those which 
' have the highest specific heat, z.¢., magnesia and alumina. - In a subsilicate 
1 slag with an excess of lime, the silicate of lime having a low specific heat will 
keep down the temperature, and if dolomite is the flux it will be advisable to 
keep the percentage of alumina low, as it also has a high specific heat. — As 
regards the sulphur-absorbing capacity of lime and magnesia, thermo chemical 
data show that the difference between the amount of heat absorbed by the de- 
composition of CaO (132 Cal.) and the amount set free by the formation of 
CaS (g2 Cal.) is less than it is with MgO (146 Cal.) and MgS (79° Cal.). It is 
also known that magnesium sulphide is not formed by heating magnesia and 
sulphur, or magnesium sulphate and carbon, or allowing magnesia to be acted 
upon by carbon bisulphide, as is the case with calcium sulphide ; further, that 
all iron oxide is acted upon at lower temperatures by sulphur-bearing gases 
than lime, and that the reaction between lime and ferrous sulphide takes place 
at a lower temperature than that between magnesia and ferrous sulphide. If, 
therefore, a cinder high in magnesia absorbs more sulphur than one high in 
lime, the reason is that, there being enough lime present to absorb nearly all 
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of the sulphur, this sulphur-absorbing capacity, increasing with the tempera- 
ture, is brought to its greatest power by the high temperature of the furnace 
required to keep the magnesian cinder fluid. ‘The inference is that magnesia 
will always increase the sulphur-absorbing capacity of the cinder as long as 
there is enough lime present to combine with the greater portion of the sul- 
phur. A subsilicate slag, however, will absorb more sulphur than a singulo- 
silicate of the same constituents as long as the relatively small specific heat 
of the silicate of lime does not lower the temperature of the blast furnace 
sufficiently to prevent the formation of a uniform slag. 
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